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[57] ABSTRACT

A method of producing a molded ceramic article com-
prises the first step mixing powdery raw materials and a
liquid additive, thereby obtaining a mixed raw material,
the second step press-molding the mixed raw material
obtamed 1n the first step in a hydrostatically applied
condition of pressure, thereby removing an excess of
the liquid additive to obtain a preform, and the third
step calcining the preform obtained in the second step
to obtain a molded ceramic article. The molded ceramic
article comprises, as a principal component, copper and,
as essential components, Cr and Ni within composition
ranges of 0.1=Cr <2 wt. % and 0.1=Ni <10 wt. %
and further at least one additive component selected

from the group consisting of the following composition
ratios: the following composition ratios: O <Fe <5 wt.

%, O=Co<5 Wt. %, O=Al<10 wt. %, O=Ti<20

wt. %, O=Mo <3 wt. %, O=Si<3 wt. %, O=V <3
wt. %, O=Mg <1 wt. %, and O=C <5 wt. % and has
at least one composition range selected from the group
consisting of the following composition ratios: O <O-
2 <10 wt. %, O<N2 <5 wt. % and O<B<10 wt. %.

10 Claims, 36 Drawing Sheets
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Temperature upon [emperature upon |
heat treatment at holding at Siatering
100 ~ 300°C f00°C or lower Temperature Aging temperature

Chiromium
added (wt%) ("C) ("C) ("C) ("C)
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solution treatment
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. F | G _10b Niumber of times of

fusion bondiny Number of times of
{usion bonding /

Found amount Density of found amount Number of times Number of times of
of chromium, sintered body of Oxygen of spot welding spot welding
]_ 0. 096 8. 56 _38 G. 01 150 5 3 35___3_33
T T I O R T T T
3| 0.40 | 8.79 | 58 | 0.04 | 1200 | 68 | 5. 7%
4| 0.41 | 8.87 | 63 | 0.05 | 1600 | 53 | 3 8%
5| 0.79 | 8. 82 | 61 | 0.05 | 1500 | 48 | 3. 0%
6| 0.82 | 8.78 | 58 | 0.07 | 2200 | 52 | 2.4%
7| 0.80 | 8.88 | 63 | 0.08 | 2600 | 61 | 2. 4%
8| 1.49 | 8.94 | 65 | 0.18 | 3100 | 32 | 1.0%
9| 1.48 | 8.92 | 63 | 0.21 | 2700 | 25 | 0. 9%
10| 1.51 | 8.48 | 52 | 0.30 | 1600 | 48 | 3. 0%
1| 2.38 | 8.57 | 56 | 0.41 | 2000 | 45 | 2. 3%
12| 2.40 | 8.91 | s7 | 0.28 | 2900 | 28 | 1.0%
13 2.41 | 8.94 | 87 | 0.25 | 3400 | 25 | 0. 7%
1af 2. 40 | 8.3 | sz | 0.z1 | 3000 | 30 | oo%
_1“5_ __a__ﬁ_q__ ___8. 7_5 _-5—-;_- --6_._-‘3_-2_— ___2-;—0_0—_ _ﬂB_EH -—_3_}_;;
16| 2.81 | 8.89 | 62 | 0.34 | 2700 | 65 | 2.4%
17] 2.79 | 8.88 | 62 | 0.33 | 2600 | 70 | 2.7%
18| 2.81 | 8.74 | 52 | 0.30 | 2300 |100 | 4. 3%
H9| 2.89 | 8.32 | 34 | 0.61 | 1200 |150 | 1.3%
T T BT a e il eevivivtn vt R
21| 3.00 | 8.41 | 36 | 0.47 | 1500 |100 | 6. 7%
22| 3.00 | 8.34 | 28 | 0.21 | 1050 |110 |10, 5%
23| 3.09 | 8.48 | 38 | 0.49 | 150 | 583 |38, 7%
24\ 312 | 8. 74 | 48 | .32 | 540|130 |541%
25| 3. 11 | 8.21 | 18 | 0. 53 50 | 40 |44. 4%
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Aging
F l 6.1 3 | temperature

Temperature of

Sintering
C content temperature oressure solution treatment
No. |Cr content (Wt%) (*C) (kg!/cm?)
L ww ) ("C) ("C)
1} 0.3 }0.005 1055 0. 3 1000l so0
2 __0__9__““0—.-_9_1 _____ 1055 | [T-_i__m“HTU“U_-[-J“";O_H
3] 0.4 fo.o1 | ovess fy 1000 500
il 0w [ooor | Tess | T T T vo0| s00
5| 0.4 |0.01 | 1060 | 9.5 | 1000| 500
ol o [Toss [ oa [ iwao| sao
71 0.8 0. 01 10565 0. 1 1010 495

8| 0.8 |o0.01 | 1055 | 3 | 1o10| 495
9| 0.8 |o0.01 | 1055 | 5 | 1010 485
to| 0.8 [0.03 | 1055 | 9.1 | t1o1o| 495
11| o.8 {0 03 | 1e55 | 1 | 1010 495
120 0.8 | coiiobone | 1080 | 2 | to00| 500
3.5 (8.3 | 1060 | 9.3 | 1010} 500
141 1.5 |0. 03 1060 2. 5 1010| 500
95 1.5 |o.03 | 1060 | 5 | 1010| s00
16| 1.5 |0.03 | 1060 | 7 | 1010] 500
170 1.5 |o.06 | 1060 | 5 | 1010 500
181 15 | coilemne | 1085 | 3| 1000 500
tg| 1.5 | EW 1 1065 5 1000 500
20| 3.0 |o0.05 | 1060 | .5 | 1000] 500
21| 3.0 lo.05 | 1060 | 1 | 1oz0| 49s
22| 3.0 |o.0s | 1060 | 3 | 1o020| 495
23| 3.0 |o.05 | 1080 | o | 1020] 485
24| 3.0 0.1 | tos6o0 | 1 | 1020| 495
25| 3.0 lo.1 | 1060 | s | 1020| 495
26| 3.0 |o.1 | 1060 | 9.5 | 1020 495
27( 3.0 |o.15 | 1060 | 3 | 1020| 495
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F IG 14 Number of times of
. fusion bending / Number

of times of spot welding

: Number of times
ﬁ?tii}r‘é’ii““‘ i?tif.t?-?;‘iﬁt ﬂ?ﬁiéﬁif;m of, spot welding 'é‘f’”?ﬁisﬁf. ;;ﬁ:i?ns
No. ' Hrs (times) |
(Wt%) (wtZ) (g/cm?) | Hardness
. 1|0.003| 0.002| 8.68 | 38 800 72 9 %
2l0. 0os| 0. o003] 8.84 | 52 |1600 | 52 | 3. 3%
I KT S T AT T I T
4l0.005| 0.008| 8.81 | 54 |2600 | 28 | 1. 1%
H O R r R T E L L I T
6|0. cos| 0.006| 8.88 | 58 |2500 | 15 | 0. 6%
7{0. 007 0.011| 8.83 | 63 |3200 | 16 | 0. 5%
ST O AT BT T I T
5|0. 006| 0.017] 8. 79 56 |2400 | 11 0. 5%
AT N RO B LTI I O
11/0.018| 0.015| 8. 87 | 61 (3000 | 9 | 0.3%
O RO RO T N ELCTI BN T
V5 To 0 7s o ore | s es [ s [seee i | o en
' 14]0.019| ©0.031| 8.89 | 61 3"5_5_9___- 9 T.U_:f_-f
DR T RN E T W RO
16/0. 017| 0.050| 8. 81 50 |2200 | 7 | 0. 3%
T e o w7s] e e [ 5s |vsve | e s ew
Vel wos ] o ase] o es [ Tas raen T e e w
19l0. 005| 0.089| 8.83 | 61 |2400 | 10 | 0. 4%]|
ORI O R BN I R RO
21/0. 029| 0.048| 8.93 | 63 |3000 | 8 | o0.3%
22]0. 026| 0.065| 8.85 | 63 |2800 | 10 | 0. 4%
23/0. 025| ©0.098| 8.74 | 54 1800 | 25 | 1. 4%
24|0. 058| 0. 032| 8.89 | 63 |2900 | 11 | 0. 4%
25|0.039| 0.075| 8.77 | 58 |[1800 | 34 | 1.8%
EC DT RN TN LTI T A
2710. 076| 0.079] 8. 11 | 17 | 700 | 81 |11.6%

A o el AR N il el sl sl sl N N N R S . DR AR SRRy Sl A R S I S T S S el il el il Skl GRS skl ey ey e el el Rl RN L A - B B )

28310, 043 0. 058 8. 43 21 750 g 4 12. 5%
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F1G.1ba

Humbetr of times of continuous spot welding (times)

Humber of times of fusion bonding (times)

HRR
Hardness

1800

300

F1G.16b

Number of times of continuous spot welding (Limes) |
S Number of times of {usion bonding (times)

Densitly HRB
3
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FIG. |7

Titanium added Aging femperature

Aluminum added Sintering temperature Temperature
of solution
Chromium added Carbon conient Pressure treatment
No. | (wt. %) (wi. %) (wt. %) (Kgf/cmz) (°C)
1 03 | o 007 | 0.005 | 1055 | 1000 | 500
2| 0.3 0.3 0.1 | 0.0! 1055 0.1 1000 500
| 3| 0.3 1.0 0.5 0.0l | 1085 0.1 1000 500
4| 04 i 0.04 | 0.3 i 0.0t | 1055 0.1 1000 495
' 5| 0.4 0.1 0.02 0.0l | 1055 0.3 1020 495
6| 0.4 0.3 I 0.1 0.01 | 1055 | 1020 495
71 0.4 ot | owos | | o055 2 1020 495
8| 0.4 1.3 | 0.2 0.0l 1055 9.5 1020 | 495
S 0.8 0.04 | 0.1 0.0! 1060 0.1 1020 | 500
0| 0.8 0.5 | 0.3 0.0l 1060 0.3 1040 500
| ] 0.8 0.3 0.1 0.0l 1060 | 1040 500
21 0.8 e I 0.5 0.03 1060 3 1040 500
13| 0.8 1.2 0.1 el ol 1080 | 5 040 | 500
14| 0.8 | 0.04 1 0.03 1060 9.5 1000 500
15 1.5 | 0.3 0.02 0.03 1060 | 1000 510
16 1.5 0.5 | 03 0.03 1060 3 1000 510
17 1.5 0.8 0.1 0.03 1080 5 1020 510
18 1.5 | .2 | 0.5 0.03 1060 0.1 1040 500
9| 1.5 0.3 1.0 | conmvel 1080 | 03 | 1040 | si0
20 1.5 0.3 N Ethyl 1060 9.5 1020 500
| cellosolve
21 1.5 .2 0.02 0.06 1060 | 1000 500
22 1.5 0.04 0.3 0.05 1055 3 1020 510
23| 2.8 | 0.3 0.02 0.05 1060 0.5 1020 510
!24 2.8 F 0.5 0.3 0.05 1060 0.3 1000 510
125 | 2.8 0.7 0.3 | 0.05 1060 | 1000 510
26 | 2.8 0.5 0.7 0.05 1060 3 1020 500
27 | 2.8 .3 01 | et | 1060 | 5 1020 | 500
28 | 3.0 0.04 0.1 0. 1060 | 1040 500
29| 3.0 | 0.3 0.1 0.1 1060 3 1040 510
30| 3.0 o.6 0.3 0.1 1060 5 1040 510
31 3.0 | 1.3 |} 0.3 o.1 | 1060 ) 1020 | 510
32 3.1 0.04 0.2 | 0.5 | 1060 9.5 1020 510
133 | 3. 0.5 | 0.3 0.15 1060 5 1040 500
34 | 3.1 0.3 0. | 0.07 1060 0.2 1040 500
35 3. | 1.0 0.2 0.07 1060 0.5 1040 500
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FIG. 18
Number of times
of fusion bonding/
Number ot times
of spot welding
Total amount Density of Number of times /

of nitrogen sintered body of spot welding

Total amount

Number of fimes
Total amount of of oxygen

Hardness \of fusion bonding
carbon

(Hrg) | (times) | (times)|

0.004 | 0.021 0.095 8.54 310 48.4 %
2 0.008 | 0.031 | 0.285 8.32 28 200 132 66.0%
3| 0.o08| 0.148 | 0.895 | 8.24 | 14 58 52 | 89.7%
4| 0.009| 0.094 | 0.036 8.69 | 4 350 20 | 34.3%
5| 0.oos| o.ot1 | 0.097 | 8.64 45 450 8| 18.0%
l 6| 0.009| 0.034¢ | 0.287 8.81 | 60 1910 0 0
7] 0.009| 0.020 | ©0.097 8.85 64 2030 0 0
8| 0.007 | 0.064 | 0.291 8.46 33 300 150 | 50.0%
o| 0.008 | 0.044 | 0.038 | 8.72 47 320 78 9.5%
10| 0.008 ‘ 0.103 0.486 8.92 77 2200 0 0
11| 0.008 | 0.044 0.288 8.90 76 2500 0 | O
12! 0.024 | 0.161 0.907 8.88 72 2000 0 0
13| 0.021 | 0.044 . 160 8.89 74 2400 o | o
14| 0.025 | 0.336 0.039 8.72 45 600 68 | 11.3%
15| 0.025 | 0.047 0.286 8. 68 42 720 82 11.4%
16| 0.025 | 0.129 0.496 8.9l 78 2200 0 0
17| 0.024 | 0.070 0.501 | 8.9l 78 2250 0 0
| 18| 0.025 | 0.187 0.795 8.89 | 75 2000 0 0
o] 0.016 | 0.333 | 1.161 | 8.88 73 2300 0 0
20| 0.021 | 0.362 0.292 8.78 | 56 1500 45 | 3.0%
21| 0.052 | 0.047 0.295 | 8.74 52 1300 58 | 4.5%
22| 0.046 | 0.129 1165 | 8.79 56 1400 a2 | 3.0%
23| 0.044 | 0.064 0.039 8.72 | 49 700 69 9.9 %
24| 0.045| 0.146 0.294 | 8.89 68 1900 o | o
25| 0.044 | 0.152 0.498 8.88 65 1850 0 0
26| 0.045 | 0.262 0.710 8.87 | 68 1800 0 0
27| 0.028 | 0.087 0.485 8. 68 45 380 78 | 20.5%
28| 0.085 { 0.095 .31t | 8.72 54 780 42 5.4 %
29| 0.085 ; 0.098 0.042 8.88 | 72 1780 0 0
30| 0.085 | 0.153 0.298 8. 87 72 1920 0 0
31| 0.083 | 0.162 0.589 8.65 42 350 78 | 22.3%
32| 0.1 0.137 1,311 | 8.69 45 450 62 13.8 %
33| 0.12 | 0.163 0.042 8.68 42 370 55 | 14.9%
34| O.11 0.108 0.314 8.72 48 530 at | 7.7%
35| 0.1l 0.133 1. 12} 8. 4| 32 250 98 | 39.2%
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-106.20a

Number of times of Humber of times of fusion
continuous spot. welding Fbonding (times)

(times)

comp - ( 14.3 % )
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-1G.20b

Number of times of Humber of times of {usion
ti inc
(times)

Invention

b (2.718 % )}

Chromium-copper

containing 0, 8 wt, 2%

85 (71 % )
of Cr

|‘|““|‘%i‘%‘|““l“|
| AI2'U3 dispersed copper |
containing 0,8 wt, 2%
of Alo0z ' [8 62 (79.5 % )
Comp. Ex
I||||||||||!H||||||||||
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FIG. 21
Aluminum Temperature upon heat Sintering Aging
added treatment at 100~300°C femperature temperature
Chromium Titanium lemperature upon Temperature of
added added holding at 7OQ°C or lower | solution treatment
1| 0.1 0.3 0.1 150 650 | 950 950 485
2| o.] 0.5 0.3 200 | 700 | 1040 | 1000 | 500
31 0.1 1.0 0.5 140 . 680 1065 | 1000. | 515
4| 0.3 .3 0.4 180 | 650 | 1010 | 1010 520
5! 0.3 | 0.5 0.3 170 | 650 | 1000 | 1000 | 480
6| 0.4 0.02 0.0 200 630 | 1060 | 1020 495
71 0.4 | 0.03 0.02 200 650 1065 | 1000 500
8| 0.4 0.5 0.3 220 670 1055 010 500
9| 0.4 1.3 0.0! 150 | 680 | 1040 | 1020 | 495
0! 0.8 | 0.02 0.04 200 650 1055 | 1020 515
lll | 0.8 | 0.03 0.01 200 640 ' 1050 | 1020 500
12| 0.8 0.3 0.2 250 700 1060 | 1030 500
13 ] 0.8 0.7 0.5 190 690 1060 | 1010 | 495
14 | 0.8 1.3 0.3 250 | 700 1060 | 1050 | 520
15| 1.2 | 0.04 0.0l 170 | 650 1060 | 1030 | 515
6] 1.2 0. | 0.05 150 650 1060 | 1030 500
17! 1.2 I 1.0 0.5 |70 700 1055 | 1050 495
I8 1.2 0.7 0.6 150 680 1066 | 1050 490
19 1.2 0.2 . ] 200 650 1050 | 1050 500
20| 2.4 0.3 0.0] 200 650 1050 | 1050 510
2 2.4 | 0.3 0.02 180 670 1055 | 1020 505
22| 2.4 0.9 0.6 210 650 1060 | 1000 500
23| 2.4 0.6 0.3 130 | 670 1060 | 1000 500
24 | 2.4 ol 0.5 150 | 670 1060 | 1030 500
25| 2.8 l 1.2 0. 04 150 650 1055 | 1010 | 495
26 | 2.8 0.02 0.8 50 680 1055 | 1040 500
27 | 2.8 0.7 0.04 50 680 1055 | 1000 505
28| 3.0 0.5 0.0l 150 ! 680 | 1055 | 1000 515
25| 3.0 0.7 0.3 150 . 680 055 | 1000 515
30| 3.0 1.3 0.1 150 | 680 | 1055 | 1000 | 505
3 3.0 0.5 n 150 680 055 | 1000 500
132 | 3. 0. | 0.0l | 250 650 055 | 1000 500
133 | 3. 0.5 ] : 200 670 | 1050 | 1030 | 500
34 | 3.1 0.03 0.5 150 680 060 | 1000 | 495
35 | 3.1 1.3 0.1 120 700 065 | 1010 500
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FIG. 22

Found amount
of chromium

round amount
of titanium

Number of times

Hardness of fusion bonding

f

Number of times
of fusion bonding/

Number of fimes
of spot welding

m-

0.098

Found amount

Found amount \ Number of times
of aluminum

ot oxygen of spot welding

| 0.29 0.096 | 0.38 89.7 %
2| 0.097 | 0.50 0.30 0.65 18 54 50 92.6 %
3| 0.098 0.99 | 0.5] 0.82 |2 26 22 84 .6 %
al 0.30 |. 29 0.50 .03 28 100 48 | 48.0%
5| 0.31 0.50 0.39 0.74 34 120 53 | 44.2%
6| 0.40 0.019 0.01 0.025 | 4t | 1100 68 5.7 %
7| 0.4l 0. 03 0.02 0.039 | 48 | 1000 65 6.5 %
8| 0.4 0. 48 0.3! 0.5 58 1500 0 0 %
o| 0.0 | 1.3 0.0l .20 38 350 o8 | 28.0%
10| 0.79 0.02 0.04 0.048 | 56 1900 48 2 .5%
11| 0.78 0.03 0.0! 0.032 | 57 | 2200 52 > 4%
12| o.81 0. 31 0.21 0.49 65 1850 0 0 %
13| 0.8] 0. 69 0.48 11| 8T 1800 0 0 %
14| 0.80 .28 029 | 139 | 54 | 1000 | 45 | 4.5%
L5 1.2 0.04 | 0.0l 0.115 63 2700 68 6.8 %
6| 1.20 0. 11 005 | 0.14 62 | 2200 3 0.1 %
171 1.20 1. Ol 0.49 .27 | 68 1600 0 o %
181 1.20 0.70 0.61 | 1.19 69 1870 O 0 %
19| 119 | oo .09 | 117 58 | 1200 5 |.3%
20| 2.38 0.3 0.0l | 0.35 59 1900 68 3.6 %
21 | 2.40 0.3 0.02 0.318 58 1800 54 3. 0%
22| 2.40 0.90 0.59 .36 68 1600 0 0 %
23| 2.4 0.58 0.29 0.8] 72 1900 0 0 %
24! 2.40 .08 0.5 .49 64 1480 0 0 %
25| 2.79 .20 0.0l 116 62 1200 76 6.3 %
26| 2.80 | 0.02 0.80 | 0.63 | 65 1600 | 114 7.1 %
27| 2.80 0.71 0.04 0.68 89 2100 0 0 %
28| 2.99 0.48 0.01 0.46 68 | 2200 | 100 4.5 %
20| 300 | 0.69 | 0.3 0.93 67 1700 | 0.1 %
30| 3.0] .29 0.10 | 1.24 52 700 120 17.1 %
31| 299 0.49 | 1.1} .51 48 500 | 190 | 38.0%
32| 3.09 0.10 | ©0.00 | o0.12 38 110 59 | 53.6%
33| 3.10 0.50 | 1.09 .62 42 | 125 58 | 46.4%
34| 310 | 003 | 050 | 0.58 46 150 62 | 41.3%
35| 312 .30 0.10 |.48 29 60 37 | 61.7%
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1

MOLDED CERAMIC ARTICLES AND
PRODUCTION METHOD THEREOF

This application is a continuation of application Ser.
No. 07/652,884 filed on Feb. &, 1991, now abandoned
application Ser. No. 07/965,085, filed Oct. 22, 1992 1s a
divisional of application Ser. No. 07/652,884.

FIELD OF THE INVENTION

The present invention relates to molded ceramic arti-
cles and a production method thereof, and more specifi-
cally to a method of producing molded ceramic articles,
which permits the effective provision of a molded ce-
ramic article by adding a liquid additive to a powder
mix as raw materials, press-molding the resulting mix-
ture in a hydrostatic state into a preform and then cai-
cining the preform, and molded ceramic articles ob-
tained by such a method and having remarkably im-
proved abrasion resistance and corrosion resistance.

PRIOR ARTS

To obtain preforms with a view toward producing
molded articles of a ceramic or the like, there are a
uniaxial press moldmg in which a powder mix as raw
materials is pressed in a uniaxial direction, a hydrostatic
press molding in which. The powder mix is granulated,
an additive for press molding is added to the resultant
granules and the thus-obtained mixture is pressed under
hydrostatic pressure, and a method making use of an
injection molding machine.

In the umaxial press molding, the molding 1s con-
ducted by pressing the mixed raw material composed of
particles of various forms in only one direction to plasti-
cally deform 1t. In this case, the mere uniaxial press
molding of the powder mix itself fails to uniformly
apply a pressure to the whole raw material due to fric-
tional resistance between adjacent particles and differ-
ences 1n size, hardness, etc. of the particles. Therefore,
it 1s difficult to obtain a molded article having a
thronghout uniform density.

According to the hydrostatic press molding, it is
possible to simultaneously apply an equal pressure to
surfaces of the particles of the mixed raw material. It is
therefore possible to obtain a molded article having an
evener density compared with the case of the uniaxial
press molding. However, such a method generally re-
quires, as processes prior to the practice of the hydro-
static press molding, a granulation process for making
the particles of the mixed raw material uniform in size
and an addition process of a liquid additive to the parti-
cles for apply a hydrostatic pressure thereto, and more-
over a dewaxing process for remove the liquid additive
from a resuitant preform after molding. In addition, an
apparatus used in the hydrostatic press molding is ex-
tremely expensive. From these results, the productivity
of the hydrostatic press molding becomes inferior, and
hence molded articles obtained by such a molding come
expensive.

Besides, the injection molding has been used, particu-
larly, with a view toward improving cycle time in pro-
duction, surface roughness of the preforms and mass
productivity.

The conventional technique of this kind generally
comprises the following steps. Namely, a mixed particu-
late raw material of a desired composition is first of all
weighed. In order to improve the flowability, pressure-
transmitting ability and moldability of the powder mix,
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a low-viscosity additive composed of organic com-
pounds such as petroleum paraffin and a phenol resin is
then added in a proportion of 20-50 wt. % of the whole
welght to mix uniformly them, thereby obtaining a
mixed raw material.

In the injection molding, the mixed raw material is
heated to 120°-180° C. to improve its flowability. The
thus-heated mixed raw material 1s injected into a mold
pre-heated to the same temperature as the mixed raw
material to mold i1t, and then cooled and solidified,
thereby obtaining a preform. After the thus-obtained
preform is then subjected to a so-called dewaxing pro-
cess in which the low-viscosity additive is removed
from the preform, the preform is calcined to obtain a
molded ceramic article.

In order to intimately mix the low-viscosity additive
added 1n a proportion as high as 20-50 wt. % of the
whole weight with the particulate raw materials and
feed the mixed raw material thus obtained into the
mold, it 1s however necessary to improve the flowabil-
ity of the mixed raw material. To achieve this object, it
1S necessary to pre-heat the mold and moreover the
particulate raw materials and the low-viscosity addi-
tive. In addition, it is necessary to strictly control a
temperature of the mold in order to obtain a preform by
injecting the mixed raw material into the mold to mold
it and then cooling and solidifying it.

Further, since the low-viscosity additive is composed
of organic compounds such as petroleum paraffin and 2
phenol resin, it has potential disadvantages that it forms
the cause of brittleness and the predominant cause of
defects in a resulting molded article unless it is decom-
posed and removed by the dewaxing process prier to
the smtenng of the preform.

1t 1s however necessary to heat the preform for 5-10
days under pressure or under reduced pressure 1n order
to remove the low-viscosity additive, i.e., the organic
compound, without adversely affecting the preform
with a view toward overcoming these disadvantages.
Therefore, production efficiency is not very enhanced.

In recent years, various kinds of materials have come
to use widely for molded ceramic articles. For example,
composite materials making use of ceramic materials
and having high durability have been employed in vari-
ous application fields. As suitable examples, may be
mentioned electrode tips for resistance welding ma-
chines, contacts for breakers to which a heavy electric
current is applied at all times, and the like.

In view of this point, as disclosed 1in Japanese Patent
Application Laid-Open No. 152232/1989, there is, as
the electrode tip making use of a ceramic-copper com-
posite, a technical idea in which a ceramic such as alu-
minum oxide (AlOs3) is welded on a periphery of an
electrode tip composed of a copper alloy by using laser
beams or the like to form a film of the ceramic on the
electrode tip.

In addition, as disclosed in Japanese Patent Applica-
tion Laid-Open No. 78683/1979, there is another tech-
nical idea in which a ceramic i1s embedded in the distal
end of an electrode tip composed of a copper alloy,
thereby improving its durability. Further, there is dis-
closed in Japanese Patent Application Laid-Open No.
2479/19835 a further technical idea wherein a ceramic 1s
mixed with a copper alloy and the resulting mixture is
then sintered, thereby improving the durabiity.

However, the composite of the prior art disclosed,
for example, in Japanese Patent Application Laid-Open
No. 152232/1989 involves a drawback that the wettabil-
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ity between the copper alloy and the ceramic is poor
and hence, the ceramic is liable to separate from the
copper alloy.

Besides, the composite of the prior art disclosed in
Japanese Patent Application Laid-Open No.
78683/1979 tends to discharge electricity between the
copper alloy and the ceramic. Therefore, when it is used
as an electrode tip for a resistance welding machine, its
durability 1s not very expectable.

In the case of the prior art disclosed in Japanese Pa-
tent Application Laid-Open No. 2479/1985 on the other
hand, the durability is enhanced only by about 20-30
percent compared with the copper alloy free of the
ceramic. Therefore, an electrode tip having desired
durability has not come to be provided.

Namely, in the composites with ceramics, which are
disclosed in these prior art, for example, copper parti-
cles used as a principal material for the electrode tip
often have a dendritic structure. It is therefore difficult
for particles of a different component to enter spaces in
the dendritic structure.

Even when the copper particles are of a spherical
form, it is only possible to disperse ceramic particles
having a particle size on the order of um by the conven-
tional method of adding the ceramic particles. It has
therefore been impossible to increase the amount of the
ceramic to be added without raising the electric resis-
tance of the composite.

Further, as a material for electrode tips, in some
cases, a Cr-Cu alloy may be used with a view toward
improving mechanical strength and preventing differ-
ent species of particles in a weld metal from diffusing
into the electrode.

However, the wettability of the Cr-Cu alloy to a
galvanized weld metal is high, so that when the galva-
nized weld metal is welded by using the Cr-Cu alloy as
an electrode material, the alloy fusion-bonds to the weld
metal. Namely, the following disadvantages have been
revealed. When metals such as Zn and Fe are caused to
penetrate into the Cr-Cu alloy by welding or the like,
Zn, Fe and Cr are oxidized with oxygen in atmosphere,
so that the oxides enlarged make the structure of the
alloy brittle, the alloy is cracked and finally undergoes
fusion bonding. In addition, its electric resistance is
increased by the penetration of the metals and hence its
electrical conductivity is lowered.

Moreover, with respect to the electrode tip formed
of, for example, a molded ceramic article of this kind,
the following disadvantages have also been revealed
depending upon the composition of the molded article.
An example of such disadvantages is illustrated in
FIGS. 1a and 15.

FI1G. 1a shows the condition of an electrode tip 10
formed of a molded ceramic article of the Cr-Cu alloy
according to the prior art after welding by using it. As
understood form the drawing, a crack A is clearly ob-
served at its distal end.

FIG. 15 1s an enlarged illustration of the crack A seen
through a metallurgical microscope of 100 magnifica-
tions. It is recognized that Fe 14 and a diffusion layer 16
of Fe and Zn penetrate into the structure of a base metal
12.

In order to overcome the above-mentioned disadvan-
tages, an aluminum oxide dispersed and reinforced cop-
per alloy obtained by diffusing and sintering a ceramic
component composed of aluminum oxide in the crystal
structure of copper as a base metal has come to be use as
an electrode material. Namely, spaces in the crystal
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structure of copper are filled up with aluminum oxide to
check the penetration of metals such as Zn and Fe by
the so-called pinning. When copper is used as a base
metal for an electrode material in the electrode tip
molded by this method, copper powder having a den-
dritic structure is often used. It is difficult to disperse
and penetrate other metal components into interparticle
spaces of the copper powder having the dendritic struc-
fure. On the other hand, when aluminum oxide is also
dispersed in the interparticle spaces of the copper pow-
der, 1t 1s only possible to disperse particles having a
particle size of the order of several um. Therefore, the
amount of aluminum oxide to be added as a ceramic
component has not come to be increased without raising
the electric resistance of the copper alloy.

Besides, even in the case where the alloy-oxidizing
method 1s used, the diffusion of oxygen into the interior
of the crystal structure, which is required for the forma-
tion of a ceramic, is not sufficiently done. Therefore, the
amount of the ceramic to be added is not increased
without substantially raising the electric resistance of
the composite.

In other words, even when the aluminum oxide dis-
persed and reinforced copper alloy has been used as an
electrode material, the ceramic component composed
of fine aluminum oxide has not come to be dispersed and
deposited in an amount sufficient to conduct the so-
called pinning in the interparticle spaces of the copper
powder.

As a result, 1t 1s hard to say that the fusion bonding
caused by the penetration of metals such as Zn and Fe
has been solved upon the welding of the galvanized
weld metal. Besides, its service life is merely prolonged
by about 20-30 percent compared with the case where
the Cr-Cu alloy is used as an electrode material.

Namely, it cannot be said that the use of the alumi-
num oxide dispersed and reinforced copper alloy as an
electrode material is practically preferred in its effects
in consideration of its complicated production process
and the production cost required therefor. |

Furthermore, even when carbon particles are used to
fill up the interparticle spaces of copper powder, they
cannot be used in a great amount because they lower the
electrical conductivity of the copper powder. More-
over, since element carbon deposits as is without con-
verting into a ceramic upon sintering and hence, the
dispersion and deposition of a dense ceramic are inhib-
ited, it 1s impossible to substantially check the penetra-
tion of metals such as Zn and Fe. For example, FIG. 24
shows an electrode tip 20 making use of the aluminum
oxide dispersed copper alloy after welding. A crack B
caused by the fact that the so-called pinning is not uni-
formly accomplished is observed at its distal end. FIG.
2b 1s an enlarged illustration of a crack B seen through
a metallurgical microscope of 100 magnifications. The
penetration of Fe 24 and an oxide alloy 26 composed of
Fe, Zn and Cu is recognized and moreover, the diffu-
sion of an diffusion layer 28 composed of Zn and Fe into
the interior of the electrode tip is allowed.

OBJECTS OF THE INVENTION

It is thus a principal object of the present invention to
provide a method of producing molded ceramic arti-
cles, which permits the production of a molded ceramic
article having a throughout uniform density and stable
properties with an economical apparatus in accordance
with a simple process by adding a liquid additive to a
powder mix as raw materials to enhance the flowability
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and pressure-transmitting ability of the powder mix, and
molded ceramic articles obtained by such a method.

Another object of this invention is to provide a
molded ceramic article having improved durability and
corrosion resistance owing to the fact that predeter- 5
mined amounts of additive components, by which the
electric resistance is not sharply increased, are added to
a powdery raw material in advance, thereby preventing
metal component(s) from diffusing from the constitu-
ents of one material into the constituents of the other 10
material and hence inhibiting the formation of any al-
loys or solid solutions by the reaction of the metal com-
ponent(s) of said one material with the constituents of
said the other material and the formation of any oxides,
and a method of producing such a molded ceramic
article.

A further object of this invention is to provide a
molded ceramic article which is excellent in mechanical
strength and electrical conductivity and can prolong its
service life as an electrode by reducing its fusion bond-
ing behavior to a weld metal, upon welding of galva-
nized weld metals, aluminum alloys and the like, and a
method of producing such a molded ceramic article.

Still a further object of this invention is to provide a
method of producing a molded ceramic article, which
COmprises:

the first step mixing .powdery raw materials and a
liquid additive, thereby obtaining a mixed raw material;

the second step press-molding the mixed raw material
obtained in the first step in a hydrostatically applied 30
condition of pressure, thereby removing an excess of
the liquid additive to obtain a preform; and

the third step calcining the preform obtained in the
second step to obtain a molded ceramic article.

Yet still a further object of this invention is to provide 35
a method of producing a molded ceramic article,
wherein the powdery raw materials comprises Cu as a
main component and a mixture of at least ftwo powders
selected from the group consisting of Cr, Ni, Co, Fe, Tj,
V, Mn, Mo, Al, Mg and Si and at least one of oxides
such as CuQ, Cuy0, Ag,0O and SnO.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the liquid additive comprises at least one of
alcohols such as methanol, ethanol and 2-propanol, 45
arenes such as benzene, toluene and xylene, ketones
such as acetone, alkanes such as hexane, alkanes con-
taining fluorine and/or the like, and water.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the second step comprises subjecting the mixed
raw material obtained in the first step to uniaxial press
molding making use of a umaxial press molding ma- -
chine, thereby removing an excess of the liquid additive
out of a mold to obtain a preform.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the uniaxial press molding is conducted by
pressing a mixture under a pressure within a pressure
range, in which the mixture is elastically deformed,
through the hydrostatically applied condition of pres-
sure, thereby molding the mixture into the preform.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the second step comprises injecting the mixed
raw material obtained 1mn the first step into a mold mak-
ing use of an injection molding machine and molding
same under a pressure higher than an injection pressure,
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thereby discharging an excess of the liquid additive out
of a mold to obtain the preform.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the pressure higher than the injection pressure
is composed of an injection pressure, a pressure at
which the mixed raw material is held in the mold in a
hydrostatically applied condition of pressure and a pres-
sure for eliminating the excess of the liquid additive out
of the mold.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article, which
comprises:

the first step wet-mixing a powder mix as raw materi-
als comprising electrolytic copper powder as a main
component, and chromium powder within a composi-
tion range of from at least 0.4 wt. % to at most 3.0 wt.
% based on the whole weight of the powder mix and a
carbonaceous material in which the carbon residue falls
within a composition range of at most 0.1 wt. %, or
chromium powder 1n a proportion of from at least 4 mg
to at most 30 mg per gram of the powder mix and a
carbonaceous material in which the carbon residue is in
a proportion of at most 1 mg per gram of the powder
mix to diffuse the chromium powder into the electro-
lytic copper powder, thereby obtaining a mixed raw
material;

the second step press-molding the mixed raw material
obtained in the first step in a hydrostatically applied
condition of pressure, thereby removing an excess of
the liquid additive to obtain a preform; and

the third step subjecting the preform obtained in the
second step to a heat treatment within a temperature
range of at most 700° C. under an inert gas atmosphere
and then sintering the preform in a temperature range of
from at least 950° C. to at most 1065° C. under an inert
gas atmosphere whose pressure is lower than 10
kg/cm?, thereby depositing a reinforcement on a part of
the surface of the chromium powder.

Yet still a further object of this invention 1s to provide
a method of producing a molded ceramic article,
wherein the reinforcement deposited in the third step is
at least one carbide, nitride or carbonitride selected
from the group consisting of CrsCs, Cr3C;, CrNj, CrN
and Cr(C, N).

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the inert gas atmosphere is obtained by adding
H>, CO or NH3 to an inert gas.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article which
comprises:

the first step wet-mixing a powder mix as raw materi-
als comprising electrolytic copper powder as a main
component, and chromium powder within a composi-
tion range of from at least 0.4 wt. % to at most 3.0 wt.
% based on the whole weight of the powder mix or in
a proportion of from at least 4 mg to at most 30 mg per
gram of the powder mix to diffuse the chromium pow-
der into the electrolytic copper powder, thereby obtain-
ing a mixed raw material;

the second step press-molding the mixed raw material
obtained in the first step in a hydrostatically apphied
condition of pressure, thereby removing an excess of
the liquid additive to obtain a preform; and

the third step subjecting the preform obtained in the
second step to a heat treatment within a temperature
range of from at least 100° C. to at most 300° C. under
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an inert gas atmosphere and then sintering the preform
in a temperature range of from at least 950° C. to at most
1065° C. under an inert gas atmosphere, thereby depos-
iting and dispersing a ceramic reinforcement on a part
of the surface of the chromium powder.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the reinforcement deposited and dispersed in
the third step is at least one oxide selected from the
group consisting of CrO, CrO; and Cry0;.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article, which
COmprises:

the first step wet-mixing a powder mix as raw materi-
als comprising electrolytic copper powder as a main
component, and chromium powder within a composi-
tion range of from at least 0.4 wt. % to at most 3.0 wt.
%0 based on the whole weight of the powder mix, alumi-
num powder within a composition range of from at least
0.05 wt. % to at most 1.2 wt. %), titanium powder within
a composition range of from at least 0.03 wt. % to at
most 1.0 wt. % and a carbonaceous material in which
the carbon residue falls within a composition range of at
most 0.1 wt. %, or chromium powder in a proportion of
from at least 4 mg to at most 30 mg per gram of the
powder mix, aluminum powder in a proportion of from
at least 0.5 mg to at most 12 mg per gram of the powder
mix, titanium powder in a proportion of from at least 0.3
mg to at most 10 mg per gram of the powder mix and a
carbonaceous material in which the carbon residue is in
a proportion of at most 1 mg per gram of the powder
mix to diffuse the chromium powder, the aluminum
powder and the titanium powder into the electrolytic
copper powder, thereby obtaining a mixed raw mate-
rial;

the second step press-molding the mixed raw material
obtained in the first step in a hydrostatically applied
condition of pressure, thereby removing an excess of
the hiqud additive to obtain a preform; and
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the third step subjecting the preform obtained in the 40

second step to a heat treatment within a temperature
range of at most 700° C. under an inert gas atmosphere
and then sintering the preform in a temperature range of
from at least 950° C. to at most 1065° C. under an inert

gas atmosphere whose pressure is lower than 10 45

kg/cm?, thereby depositing a reinforcement on a part of
the surface of the chromium powder and on at least
parts of the surfaces of the aluminum powder and tita-
nium powder.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the reinforcement obtained in the third step
COmprises:

at least one carbide or nitride selected from the group
consisting of CrqC3, Cr3Cs, CrN3, CrN, TiN and TiC;

at least one carbonitride selected from the group
consisting of Cr(C, N) and Ti(C, N); and

at least one oxide selected from the group consisting
of Al,O3, TiO» and TiO

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the inert gas atmosphere is obtained by adding
Hj, CO or NH3 to an inert gas.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article, which
COmMpIISES:

the first step wet-mixing a powder mix as raw materi-
als comprising electrolytic copper powder as a main
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component, and chromium powder within a composi-
tion range of from at least 0.4 wt. % to at most 3.0 wt.
90 based on the whole weight of the powder mix or in
a proportion of from at least 4 mg to at most 30 mg per
gram of the powder mix, aluminum powder within a
composition range of from at least 0.05 wt. % to at most
1.2 wt. % based on the whole weight of the powder mix
or in a proportion of from at least 0.5 mg to at most 12
mg per gram of the powder mix and titanium powder
within a composition range of from at least 0.03 wt. %
to at most 1.0 wt. % based on the whole weight of the
powder mix or in a proportion of from at least 0.3 mg to
at most 10 mg per gram of the powder mix to diffuse the
chromium powder, the aluminum powder and the tita-
mum powder into the electrolytic copper powder,
thereby obtaining a mixed raw material;

the second step press-molding the mixed raw material
obtained in the first step in a hydrostatically applied
condition of pressure, thereby removing an excess of
the liquid additive to obtain a preform; and

the third step subjecting the preform obtained in the
second step to a heat treatment within a temperature
range of from at least 100° C. to at most 300° C. under
an nert gas atmosphere and then sintering the preform
in a temperature range of from at least 950° C. to at most
1065° C. under an inert gas atmosphere, thereby depos-
iting and dispersing a ceramic reinforcement on a part
of the surface of the chromium powder and on at least

-parts of the surfaces of the aluminum powder and tita-

nium powder.

Yet still a further object of this invention is to provide
a method of producing a molded ceramic article,
wherein the deposited and dispersed reinforcement
obtained in the third step is at least one oxide selected
from the group consisting of CrQ, CrO3, Cr;03, Al,03,
Ti10 and TiOs.

Yet still a further object of this invention is to provide
a molded ceramic article comprising, as principal com-
ponent, copper and, as essential components, Cr and Ni
within the following composition ranges:

0.1 =Crc2wt. %

0.1 =ENi<10 wt. %

and further comprising at least one additive component
selected from the group consisting of the following
composition ratios:

O<Fe<5wt. %
O=Co<5SWt. %
O=Al<10 wt. %
O=T1<20 wt. %
O=Mo<3 wt. %
O=8i<3 wt. %
O=EV I wt. %
O=Mg<l wt. %

O=C<c5wt. %

and having at least one composition range selected from

the group consisting of the following composition ra-
t1os:
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O0<Or <10 wt. %
O<Ny <5 wt. %

O<B<10 wt. %

Yet still a further object of this invention is to provide
a molded ceramic article, wherein the copper as a prin-
cipal component is electrolytic copper or oxygen free
copper In the form of powder having a particle size of
100 pm or smaller.

Yet still a further object of this invention is to provide
a molded ceramic article, wherein Ti, Al or Si is incor-
porated in the form of an organic compound repre-
sented by the general formula of Ti(OR)4, AI(OR)3 or
S1{OR)s.

Yet still a further object of this invention is to provide
a molded ceramic article, wherein the additive compo-
nent 1s incorporated in the form of an ethoxide, propox-
ide, butoxide or carbonyl compound.

Yet still a further object of this invention is to provide
a molded ceramic article comprising, as a principal
component, copper and, as additive raw materials, at
least two powders selected from the group consisting of
Cr, N1, Co, Fe, Ti, V, Mn, Mo, Al, Mg and Si in a
proportion not less than 0.5 wt. % but less than 30 wt.

Yet still a further object of this invention is to provide
a molded ceramic article comprising copper as a base

metal and chromium within a composition range of

from at least 0.4 wt. % to at most 3.0 wt. % based on the
whole weight of the ceramic article or in a proportion
of from at least 4 mg to at most 30 mg per gram of the
ceramic article, and having, on the outer surface of a
part of the chromium, a reinforcement obtained by
depositing a carbide layer and/or a nitride layer.

Yet still a further object of this invention is to provide
a molded ceramic article, wherein the reinforcement is
at least one carbide or nitride selected from the group
consisting of CrsCs3, CriCy, CrN; or CrN and/or a
carbonitride Cr(C, N).

Yet still a further object of this invention is to provide
a molded ceramic article comprising copper as a base
metal and chromium within a composition range of
from at least 0.4 wt. % to at most 3.0 wt. % based on the
whole weight of the ceramic article or in a proportion
of from at least 4 mg to at most 30 mg per gram of the
ceramic article, and having a deposited and dispersed
reinforcement obtained by forming a part of the chro-
mium into a ceramic.

Yet still a further object of this invention is to provide
a molded ceramic article, wherein the deposited and
dispersed reinforcement is at least one oxide selected
from the group consisting of CrO, CrO; and Cr;0s.

Yet still a further object of this invention is to provide
a molded ceramic article comprising:

copper as a base metal;

chromium within a composition range of from at least
04 wt. % to at most 3.0 wt. % based on the whole
weight of the ceramic article or in a proportion of from
at least 4 mg to at most 30 mg per gram of the ceramic
article;

aluminum within a composition range of from at least
0.05 wt. % to at most 1.2 wt. % based on the whole
weight of the ceramic article or in a proportion of from
at least 0.5 mg to at most 12 mg per gram of the ceramic
article; and

titanium within a composition range of from at least
0.03 wt. % to at most b 1.0 wt. % based on the whole
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weight of the ceramic article or in a proportion of from
at Jeast 0.3 mg to at most 10 mg per gram of the ceramic
article, and

having a remforcement obtained by:

depositing a carbide layer and/or a nitride layer on
the outer surface of the chromium;

depositing an oxide layer on the outer surfacre of at
least part of the aluminum; and

depositing an oxide layer on the outer surface of at
least part of the titanium and a carbide or nitride layer
on the outer surface of the residual part.

Yet still a further object of this invention is to provide
a molded ceramic article, wherein the reinforcement
comprises:

at least one carbide or nitride selected from the group
consisting of Cr4C3, Cr3Cy, CrNj, CrN, TiN and TiC;

at least one carbonitride selected from the group
consisting of Cr(C, N) and Ti(C, N); and

at least one oxide selected from the group consisting
of Al,O3, TiO; and Ti0.

Yet still a further object of this invention 1s to provide
a molded ceramic article comprising:

copper as a base metal;

chromium within a composition range of from at least
0.4 wt. % to at most 3.0 wt. % based on the whole
weight of the ceramic article or in a proportion of from
at least 4 mg to at most 30 mg per gram of the ceramic
article:

aluminum within a composition range of from at least
0.05 wt. % to at most 1.2 wt. % based on the whole
weight of the ceramic article or in a proportion of from
at least 0.5 mg to at most 12 mg per gram of the ceramic
article; and

titanium within a composition range of from at least
0.03 wt. % to at most 1.0 wt. % based on the whole
weight of the ceramic article or in a proportion of from
at least 0.3 mg to at most 10 mg per gram of the ceramic
article, and

having a deposited and dispersed reinforcement ob-
tained by forming a part of the chromium, and at least
parts of the aluminum and titanium into ceramics.

Yet still a further object of this invention is to provide
a molded ceramic article, wherein the deposited and
dispersed reinforcement is at least one oxide selected
from the group consisting of CrQO, CrO;, Cr203, AlLO3,
T10 and Ti0;.

Yet still a further object of this invention is to provide
a molded ceramic article, wherein the amount of the
oxygen contained in the molded ceramic article is
within a composition range of from at least 0.05 wt. %
to at most 1.5 wt. % or in a proportion of from at least
0.5 mg to at most 15 mg per gram of the molded ceramic
article.

Other objects and advantages of the present invention
will be readily appreciated from the preferred embodi-
ments of the present invention, which will be described

subsequently in detail with reference to the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1z 1s a side elevation view illustrating an elec-
trode t1ip making use of a Cr-Cu alloy according to the
prior art;

FIG. 1b 15 an enlarged view of the distal end of the
electrode tip making use of the Cr-Cu alloy according
to the prior art;
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FIG. 24 1s a side elevation view of an electrode tip
making use of an aluminum oxide dispersed copper
alloy according to the prior art;

FIG. 2b is an enlarged view of the distal end of the
electrode tip making use of the aluminum oxide dis- 5
persed alloy according to the prior art;

FIG. 3 1s a schematic Hlustration of a uniaxial press
molding machine to which the method of the present
invention 1s applied;

FIG. 4 graphically illustrates the relationships be-
tween the moisture contents in preforms and the pres-
sures applied upon injection molding with respect to
Experimental Example Bl;

FIG. § graphically illustrates the relationship be-
tween the densities of the preforms and the applied
pressures with respect to Experimental Example B1;

FIG. 6 graphically illustrates the relationships be-
tween the densities of molded ceramic articles and the
applied pressures with respect to Experimental Exam-
ple Bl;

F1G. 7 graphically illustrates the relationships be-
tween the densities of molded ceramic articles and the
pressures applied upon injection molding with respect
to Experimental Example B2;

FIG. 8 graphically illustrates the relationships be-
tween the densities of molded ceramic articles and the
pressures applied upon injection molding with respect
to Experimental Example B3 and its comparative exam-
ple;

FIG. 9 diagrammatically illustrates the test results of 30
molded ceramic specimens obtained in Experimental
Example D according to a preferred embodiment of the
production method of the present invention;

FI1G. 10a diagrammatically illustrates the composi-
tions of molded ceramic specimens obtained in Experi-
mental Example E2 according to a preferred embodi-
ment of the production method of the present invention;

FIG. 106 diagrammatically illustrates the test results
of the molded ceramic specimens obtained in Experi-
mental Example E2 according to the preferred embodi- 40
ment of the production method of the present invention;

FIG. 10c graphically illustrates the test results of
molded ceramic specimens obtained in Experimental
Example E3 according to the preferred embodiment of
the production method of the present invention;

FIG. 10d graphically illustrates the test results of
molded ceramic specimens obtained in Experimental
Example E4 according to a preferred embodiment of
the production method of the present invention;

FIG. 11 diagrammatically 1llustrates the test results of 50
molded ceramic specimens obtained in Experimental
Example E5 according to a preferred embodiment of
the production method of the present invention;

FIG. 12 diagrammatically illustrates the test results of
molded ceramic specimens obtained in Experimental 55
Example F1 according to a preferred embodiment of
the production method of the present invention;

FIG. 13 diagrammatically iliustrates the composi-
tions of molded ceramic specimens obtained in Experi-
mental Example F2 according to a preferred embodi-
ment of the production method of the present invention;

FIG. 14 diagrammatically illustrates the test results of
the molded ceramic specimens obtained in Experimen-
tal Example F2 according to the preferred embodiment
of the production method of the present invention;

FIG. 15a diagrammatically illustrates the composi-
tions of molded ceramic specimens obtained in Experi-
mental Example ¥3 according to a preferred embodi-
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ment of the production method of the present Invention
and preset conditions upon sintering;

FIG. 15b diagrammatically illustrates the test results
of the molded ceramic specimens obtained in Experi-
mental Example F3 according to the preferred embodi-
ment of the production method of the present invention;

FIG. 16a diagrammatically illustrates the results of
tests making use of galvanized steel plates as weld met-
als with respect to molded ceramic specimens obtained
in Experimental Example G1 according to a preferred
embodiment of the production method of the present
invention;

FIG. 166 diagrammatically illustrates the results of
tests making use of aluminum plates as weld metals with
respect t0 molded ceramic specimens obtained in Ex-
perimental Example G1 according to a preferred em-
bodiment of the production method of the present in-
vention; |

FIG. 17 diagrammatically illustrates the composi-
tions of molded ceramic specimens obtained in Experi-
mental Example G2 according to a preferred embodi-
ment of the production method of the present invention;

FIG. 18 diagrammatically 1llustrates the test results of
the molded ceramic specimens obtained in Experimen-
tal Example G2 according to the preferred embodiment
of the production method of the present invention;

FIG. 192 diagrammatically illustrates the composi-
tions of ceramic specimens obtained in Experimental
Example G3 according to a preferred embodiment of
the production method of the present invention and
preset conditions upon sintering;

FIG. 196 diagrammatically illustrates the test results
of the molded ceramic specimens obtained in Experi-
mental Example G3 according to the preferred embodi-
ment of the production method of the present invention;

FIG. 20a diagrammatically illustrates the results of
tests making use of galvanized steel plates as weld met-
als with respect to molded ceramic specimens obtained
in Experimental Example H1 according to a preferred
embodiment of the production method of the present
invention;

FI1G. 206 diagrammatically illustrates the results of
tests making use of aluminum plates as weld metals with
respect to molded ceramic specimens obtained in Ex-
perimental Example H1 according to a preferred em-
bodiment of the production method of the present in-
vention;

FIG. 21 diagrammatically illustrates the composi-
tions of molded ceramic specimens obtained in Experi-
mental Example H2 according to a preferred embodi-
ment of the production method of the present invention;

FI1G. 22 diagrammatically illustrates the test results of
the molded ceramic specimens obtained in Experimen-
tal Example H2 according to the preferred embodiment
of the production method of the present invention.

FI1G. 23 diagrammatically illustrates the experimental
conditions of the first through seventh experiments in
Experimental Example I according to a preferred em-
bodiment of the production method of the present in-
vention;

F1G. 24 schematically illustrates the condition of
open voids;

FIG. 25 schematically illustrates the condition of
closed voids;

FI1G. 26 is a vertical cross-sectional view of a molding
machine used in the preferred embodiment of the pro-
duction method of the present invention;
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F1G. 27 graphically illustrates the progress of pro-
cesses for the production of a molded ceramic article in
both Experimental Example I according to the pre-
ferred embodiment of the production method of the
present invention and the prior art;

FIG. 28 is a view illustrating compression densities of
particles in the respective processes in Experimental
Example I according to the preferred embodiment of
the production method of the present invention;

FIG. 29 schematically illustrates the relationship
between a mixture, and punches and a mold in a transi-
tion process in Experimental Example I according to
the preferred embodiment of the production method of
the present invention;

FIG. 30 is an enlarged fragmentary view of FIG. 29;
and

FIG. 31 is an enlarged view of a bridge formed in the

transition process in Experimental Example I according
to the preferred embodiment of the production method
of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A production method of molded ceramic articles
according to the first embodiment of the present inven-
tion by using a uniaxial press molding machine illus-
trated 1n FIG. 3 will hereinafter be described.

The uniaxial press molding machine includes a lower
punch 34 and an upper punch 36, which are inserted in
an opposite relation to each other into a cavity 32 de-
fined in a mold 30.

In the first step, a raw material 37 as a mixture com-
posed of a powder high in modulus of elasticity and a
powder low in modulus of elasticity such as a metal-
ceramic composite, as a powder composed of grown
dendrite crystals such as electrolyte powder, as plates
manufactured as quench-coagulated powder, or as a
powder having acicular horns is thoroughly mixed, to
which a liquid additive 39 as a liquid phase product is
added.

In this case, the liquid additive 39 may be selected
from water, alcohols such as ethanol, methanol and
isopropanol, aromatic compounds such as toluene, xy-
Lene and benzene and saturated organic compounds
such as hexane. By the way, it is necessary to add the
liquid additive 39 in an amount suitable for filling up
spaces of the raw material 37 to realize the hydrostati-
cally applied of pressure, which will be described subse-
quently. The amount should be preset according to, for
example, the shape, type, particle size, particle size
distribution, etc. of the powder used. Specifically, it is
suitable to add the liquid additive 39 in a proportion of,
for example, 10-30 wt. % based on 100 wt.% of the raw
material 37.

In the second step, a mixture 38 obtained in the first
step and composed of the raw material 37 and the liquid
additive 38 is charged in the cavity 32 of the uniaxial
press molding machine illustrated in FIG. 3. Thereafter,
the mixture 38 is subjected to uniaxial press molding
using the lower punch 34 and the upper punch 36 to
form a preform. In this case, the pressure applied is
uniformly transmitted through the liquid additive 39 to
the raw material 37, namely, the pressure to be transmit-
ted 1s applied uniformly to the raw material 37 owing to
the presence of the liquid additive 39, thereby attaining
the same effects as in the hydrostatically applied of
pressure 1 spite of the uniaxial application of pressure
and hence compressing the mixture 38 uniformly.
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The uniaxial press molding is further continued as
described above, so that an excess of the liquid additive
39 1n the mixture 38 is discharged out through a gap
defined by the mold 30, the lower punch 34 and the

upper punch 36. Namely, the upper punch 36 and the
lower punch 34 are fitted in the mold 30 with a clear-
ance narrower than the size of the raw material 37.
Therefore, the liquid additive 39 leaks out through the
clearance, while the raw material 37 remains in the
cavity. Incidentally, a pressure of 30 MPa to 10 GPa is
suitably applied in the third step.

Lastly, the lower punch 34 and the upper punch 36

are separated away from each other to open the mold
30, thereby taking the mixture 38 out of the mold 30.

Experimental Example Al:

Ten wt. % of titanium isopropoxide was added to 100
wt. % of a mixed raw material 37 composed of 96 wt. %
of electrolytic copper powder (325 mesh), 1 wt. % of Ni
powder (average particle size: 0.5 um) and 3 wt. % of
AlO3 powder (average particle size: 0.4 um) and they
were thoroughly mixed.

Then, 30 wt. % of a liquid additive 39 composed of 20
wt. % of acetone and 80 wt. % of ethanol was added to
the raw material 37, and they are thoroughly mixed to
form a mixture 38. In this case, the titanium isopropox-
1de was deposited and coagulated on the surface of the
dendritically grown electrolytic copper powder and the
surfaces of the other components of the mixed raw
material 37 by the liquid additive 39.

The mixture 38 was then charged in a cavity 32 in the
uniaxial press molding machine illustrated in FIG. 3 to
press-mold it under a pressure of 300 MPa.

In this case, the clearance between the mold 30 and
the lower punch 34 and upper punch 36 is 10-200 um,
and the sliding surface of the upper punch 36 to the
mold 30 1s planished. In the course of the press molding,
when the pressure applied became higher than 30 MPa,
an excess of the liquid additive 39 flowed out through
the clearance between the mold 30 and the lower punch
34 and upper punch 36. This flowing confirmed that a
uniform pressure was applied to the mixed raw material
37 through the hiquid additive 39.

Alfter increasing the pressure further to 300 MPa, the
mixture 38 was taken out of the uniaxial press molding
machine. In this case, a pressure (external force) re-
quired to remove the preform of the mixture 38 from
the molding machine was 10 MPa or lower and hence,
its removal operation was extremely easy.

The preform of the mixture 38 was then calcined.
After the calcination, a molded ceramic article in which
Al;03 and TiOs were finely dispersed. Although a den-
sity of 95% or higher of the theoretical value cannot
generally be obtained with ease in a sintered body, the
density of the molded ceramic article obtained in Ex-
perimental Example Al reached 99% or higher, and no
voids were recognized. At grain boundaries, Ti(N, C)
were also formed in addition to TiO2 and hence, effects
of Hjexisting therein became no problem.

Besides, a mixed raw material 37 in which atomiza-
tion copper powder having an average particle size of 8
pm was used instead of the electrolytic copper powder
was subjected to umaxial press molding under a pres-
sure of 300 MPa in the same manner as described above.
As a result, a molded ceramic article good in quality can
also be obtained.
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Comparative Example Al

Only a mixed raw material 37 having the same com-
position as that'in Experimental Example A1 was dried
for 24 hours at 80° C. It was then charged in the uniaxial
press molding machine illustrated in FIG. 3 to mold a
preform under a pressure of 300 MPa. In this case, the
internal pressure in the cavity 32 increased, and an ex-
ternal force of 50-100 MPa was required to remove the
preform from the uniaxial press molding machine. It
was therefore impossible to remove the preform with-
out deforming its shape. All the preforms obtained by
such a method were destroyed. In Experimental Exam-
ple Al, the mold 30 remained clean even after 100 shots,
and no adhesion of the raw material 37 was observed,
while dragging caused by the preform occurred on the
inner peripheral surface of the mold 30, from which the
preform had been removed, even after one shot in Com-
parative Example A1, and the planished surface became
a scraped or fusion-bonded state.

Experimental Example A2

A suitable amount of a liquid additive 39 composed of

an acrylic resin emulsion, ammonium alginate and a
water-soluble phenol resin was added to a mixed raw
material 37 composed of 90 wt. % of silicon nitride, 5
wt. % of aluminum oxide and 5 wt. % of yttrium oxide
and having an average particle size of 1.2 um, and water
was added further in a proportion of 50 parts by weight
per 100 parts by weight of the raw material 37. They
were wet-mixed for 24 hours in a ball mill. The resulting
mixture 38 was subjected to deaeration for 48 hours at
70° C. and then dried and ground to give a particle size
of 30 mesh. The moisture content of the thus-ground
mixture 38 was then controlled to 18-21% by means of
a humidistat and a water sprayer, thereby preparing a
mixture 38 for preforming. This mixture 38 had a
dough-like feel when it was rubbed with fingers.
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The mixture 38 was then subjected to uniaxial press 4,

molding under a pressure of 200 MPa into preforms
having a size of 80X 30X 40 mm. No cracks caused by
lamination were observed on 30 preforms thus molded.

After each of the preforms was dewaxed at 650° C., it

was subjected to capsule-free HIP sintering for 2 hour 45

at 1750° C. under 250 bars. In general, when a preform
1s calcined by sintering under pressure after dewaxing,
the preform were curved or deformed when the differ-
ence 1n internal density of the preform is great, many
molding defects the degrees of which cannot be noticed
visually occurs, and cracks or fractures tend to occur.
However, in the case of the above-described preforms,
small cracks occurred in only one of the 30 preforms.
Their results were very good.

Comparative Example A2

After only a mixed raw material 37 composed of the
same composition as that in Experimental Example A2
was wet-mixed in a ball mill, it was dried for 48 hours at
70° C. and then ground to give a particle size of 30
mesh. The thus-ground raw material was subjected to
uniaxial press molding under the same conditions as
those in Experimental Example A2 to obtain preforms.

In this case, cracks caused by lamination were ob-
served on 29 preforms of 40 preforms thus molded, and
resulted in defective moldings. In addition, when the
preforms were sintered under the same conditions as
those in Experimental Example A2, cracks appeared to
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be caused by lamination occurred on all of sintered
bodies, and they were deformed.

The second embodiment of the present invention will
hereinafter be described in detail.

In a production method of molded articles according
to this embodiment of the present invention, a liquid
additive which 1s added to a powder mix as raw materi-
als to obtain a mixed raw material and composed of at
least one of alcohols such as ethanol and 2-propanol,
ketones such as acetone, arenes such as benzene, toluene
and xylene, alkanes such as hexane, fluorine-containing
alkanes, and water is added in a proportion of about
3-40 parts by weight per 100 parts by weight of the
powder mix. If the proportion is lower than 5 parts by
weight, the flowability of the powder mix cannot be
improved. In addition, since the hydrostatically applied
condition of pressure cannot be realized in the initial
stage of injection molding, voids are blocked by parti-
cles of the powder mix, in other words, by plastic defor-
mation of the filled materials and hence the discharge
path of the liquid additive added is filled in. On the
contrary, if the proportion is higher than 40 parts by
weight, an excess of the liquid additive is separated
upon the application of pressure and the powder com-
ponents are dispersed and suspended in the liquid, and
then caused to flow out of the mold through the bound-
ary between a stationary mold and a movable mold, or
an HIP vent. In addition, when the proportion of the
liquid phase exceeds 40 parts by weight, segregation in
component, particle size or the like may occur during
the mixing of the components. Since the liquid additive
has a low viscosity compared with the conventionally
used low-viscosity additive, i.e., the organic compounds
such as petroleum paraffin and a phenol resin, which are
added 1n a proportion of 20-50 wt. % of the whole
weight of the mixed raw material, in other words, has
high flowability, the mixing ability with the powdery
raw materials becomes high. Therefore, it is possible to
intimately mix a mixed raw material without heating a
kneader for feeding the mixed raw material and the
mold, or the liquid additive and the mixed raw material
itself 1n advance.

Further, the mixed raw material thus intimately
mixed 1s injected into the mold and held in a hydrostati-
cally applied condition of pressure by applying a pres-
sure. Accordingly, the pressure is transmitted through a
liquid phase formed in the hydrostatically applied con-
dition of pressure. Although dispersion of pressure have
been uneven due to interparticle friction and bridge
phenomenon in which particies of the powders link to
each other at their ends, and an excessive pressure has
been required to date, the pressure is smoothly transmit-
ted in the hydrostatically applied condition of pressure
in the present example. It is therefore possible to mold
heavy-gage articles.

Further, when the internal pressure of the mold in-
creases to a certain threshold value or higher, the hy-
drostatically applied condition of pressure in the mold is
destroyed, namely, the liquid phase of the mixture in the
mold is destroyed, so that an excess of the liquid is
discharged through an air vent of the mold or other
clearances. After the excess of the liquid is discharged,
the mixed raw material is held in the form of plastic
deformation of powder, so-called, entanglement so that
the content of the liquid additive is about from 1 wt. %
to less than 5 wt. % for a molded metallic article, or
from 3 wt. % to less than 15 wt. % for a molded ce-
ramic article. Moreover, since the excess of the liquid
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additive is discharged from these molded article, it is
possible to prevent defects and brittleness contingent to
the scattering or evaporation of the liquid in a subse-
quent drying step from forming. Moreover, since a
suttable amount of the liquid additive is left in the
molded article and the excess of the liquid additive is
discharged, it is not necessary to conduct a dewaxing
process in which a long period of time is required, i.e.,
a process for eliminating the unnecessary liquid additive
composed of the organic compounds, prior to calcina-
tion.

Incidentally, since the mold comes into contact with
the raw materials through the liquid phase and more-
over, a compound excellent in detergency such as a
“Flonsolve™ containing fluorine therein is contained in
the liquud additive, the mold is always kept clean, and
any raw materials neither fusion-bond to the mold nor
drag the mold. Therefore, it is possible to prolong the
durability of the mold and obtain high-quality preforms
having little surface roughness. Accordingly, the
molded ceramic articles obtained by calcining the high-
quality preforms having little surface roughness can
have a desired quality.

‘This embodiment of the present invention will herein-
after be described by the following experimental exam-
ples.

Experimental Example Bl

A powder mix as raw materials was provided by
weighing —325 mesh electrolytic copper powder,
metal chromium powder having an average particle size
of 2 um, aluminum oxide powder having an average
particle size of 0.6 um, — 325 mesh titanium powder and
— 325 mesh metal aluminum powder so as to give pro-
portions of 98.3 parts by weight, 0.8 part by weight, 0.5
part by weight, 0.3 part by weight and 0.1 part by
weight, respectively.

A hquid additive composed of 80 vol % of ethanol
and 20 vol. % of 2-propancl was then added to the
powder mix in a proportion of 12 parts by weight per
100 parts by weight of the powder mix to mix them until
they were intimately mixed, thereby obtaining a mixed
raw material. The mixed raw material was then injec-
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tion-molded under pressures of 300-2,000 kg f/cm? 4s

using an injection molding machine, thereby obtaining
preforms. The thus-obtained preforms each had a size of
18 mm across and 80 mm long. The preforms were then
dried for 32 hours at 100° C. to calculate separately the
amounts of the liquid additive remaining in the preforms
trom their weights after and before the drying, thereby
determining the densities of the preforms from these.
The relationships between the moisture contents and
the pressures applied upon the injection molding with
respect to the respective preforms are shown in a graph
illustrated in FIG. 4 and the relationships between their
densities and the pressures applied at this time are
shown in a graph illustrated in FIG. 5.

Thereafter, the preforms were separately heated at a
rate of 15° C./min using a sintering furnace and held for
each 30 minutes at 250° C., 350° C. and 650° C., and then
for 30 minutes at 950° C., for 30 minutes at 1,000° C. and
for 2 hours at 1,050°, thereby obtaining sintered bodies
as molded ceramic articles. The relationships between
the densities and the pressures applied upon the injec-
tion molding with respect to the respective molded

ceramic articles are shown in a graph illustrated in FIG.
6.
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It 1s judged from the graphs in FIGS. 4 and 5 that the
excess of the liquid additive is discharged completely by
the application of pressure up to about 800 kg f/cm?.
Even when the pressure applied exceeds 1,800 kg
f/cm?, the density is somewhat increased. It can be
understood from this that such pressures exceed the
upper limit of the pressure required to discharge the
excess of the liquid additive, whereby the preform un-
dergoes a plastic deformation to a great extent.

It 1s appreciated from the graph in FIG. 6 that any
applied pressures exceeding 800 kg f/cm? result in
molded ceramic articles having substantially the same
density. However, when a pressure exceeding 1,800 kg
f/cm?is applied, a preform applied with such a pressure
undergoes a plastic deformation due to the undue pres-
sure, whereby flow paths in the preform are blocked. It
1s therefore understood that the density of the resulting
molded ceramic article is decreased due to the presence
of voids in the blocked form.

Experimental Example B2

Silicon carbide whiskers were dispersed in —325
mesh quench-coagulated aluminum powder so as to
give a concentration of 20 vol % thereby providing a
powder mix as raw materials. As a liquid additive, a
fluorine-containing alkane, a so-called “Flonsolve”, was
added in a proportion of 12 parts by weight per 100
parts by weight of the powder mix, and they were
mixed to give an intimate mixture, thereby obtaining a
mixed raw material.

‘The mixed raw material was then injection-molded at
room temperature under pressures of 300-2,000 kg
f/cméusing an injection molding machine. The thus-
obtained preforms each had a size of 35 mm across and
100 mm long. Each of the preforms was heated for 24
hours at 80° C. to eliminate the Flonsolve. Thereafter,
the preforms were separately heated at a rate of 10°
C./min and held for each 30 minutes at 150° C. and 280°
C., and then heated up to 600° C. to sinter them for 1
hour in an argon gas atmosphere, thereby molded ce-
ramic articles. The relationships between the densities
and the pressures applied upon the injection molding
with respect to the respective molded ceramic articles
are shown in a graph illustrated in FIG. 7.

Each of the thus-obtained molded ceramic articles
was then subjected to a hot isostatic pressing (hereinaf-
ter called “HIP”’) with a view toward making it a dense
and high-strength product. The molded ceramic article
was first of all formed in a size of 28 X8 X 72 mm. The
thus-formed article was placed into a stainless capsule.
The capsule was deaerated and then vacuum-sealed to
subject the ceramic article to the HIP for 30 minute at
560° C. under 2,000 atm.

The densities of the thus-treated articles were mea-
sured. As a result, it was found that those obtained by
sintering under pressures higher than 200 kg f/cm?2al-
most indicate a real density of at least 979 of the theo-
retical density. Incidentally, in the conventional injec-
tion conditions according to the prior art, it is necessary
to heat the resulting preform to 600° C. with a view
toward completely evaporating the low-viscosity addi-
tive such as petroleum paraffin and a phenol resin,
which 1s added for improving the flowability and filling
ability, in its removal process. Accordingly, when the
preform 1s heated to 600° C. and then subjected to the
dewaxing process, the additive reacts to aluminum con-
tained as the base metal in the preform. Therefore, it has
been impossible to conduct injection molding making
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use of aluminum as a raw material. For this reason, in
the conventional technique, a raw material has been
obtained by the uniaxial press molding or extrusion and
the thus-obtained raw material has been subjected to

casting, thereby molding it. Besides, it was found that if 5

the additive is not added, whiskers agglomerate, so that
difficulties are encountered on filling the raw material
into a mold and hence, it is impossible to obtain any
molded articles.

Namely, in the production method of molded ce-
ramic articles according to this embodiment, it was
possible to easily obtain molded ceramic articles making
use of aluminum as a raw material and subjected to the
HIP after the injection molding.

Experimental Example B3

A powder mix as raw materials was provided by
weighing silicon carbide powder having an average
particle size of 0.8 pm, yttrium oxide powder having an
average particle size of 0.4 pm, aluminum oxide powder
having an average particle size of 0.6 yum and lanthanum
oxide powder having an average particle size of 1 um so
as to give proportions of 89 parts by weight, 5 parts by
welght, 4 parts by weight and 2 parts by weight, respec-
tively. As a liquid additive, purified water was added in
a proportion of 20 parts by weight per 100 parts by
welght of the powder mix, and they were wet-mixed for
24 hours using a ball mill. The resulting mixture was
deacrated under reduced pressure, and its moisture
content was adjusted to 20 wt %, thereby obtaining a
mixed raw material After the mixed raw material was
then kneaded by a kneader, the thus-kneaded mixed raw
material was injection-molded under pressures of
300-2,000 kg f/cm<? using an injection molding machine
to obtain preforms.

The thus-obtained preforms were then dried and then
calcined to obtain molded ceramic articles, and their
densities were separately calculated. The graph in FIG.
8 illustrates the relationships between the pressures
applied upon the injection molding and the densities of
the respective molded ceramic articles.

As a comparative example, a mixed raw material was
prepared by using the same powder mix of the raw
materials as in Experimental Example B3, namely, the
powder mix obtained by weighing silicon carbide pow-
der having an average particle size of 0.8 um, yttrium
oxide powder having an average particle size of 0.4 um,
aluminum oxide powder having an average particle size
of 0.6 um and lanthanum oxide powder having an aver-
age particle size of 1 um so as to give proportions of 89
parts by weight, 5 parts by weight, 4 parts by weight
and 2 parts by weight, respectively, adding, as a low-
viscosity additive, an additive composed of 30 vol. % of
Bakelite and 70 vol. % of petroleum paraffin wax in a
proportion of 40 vol. % per 100 vol. % of the powder
mix, and then mixing them to give an intimate mixture.

The thus-obtained mixed raw material was fully
kneaded by a kneader preheated to 160° C., and then
injected into molds preheated to 80° C. under pressures
of 300-2,000 kg f/cm? to mold it, thereby obtaining
preforms. Incidentally, a cycle of this process was con-
trolled to 40 seconds including the retention time under
pressure, Thereafter, the resulting preforms were sepa-
rately heated to 180° C. at a rate of 5° C./min and held
for 4 hours at the same temperature, and then for each
6 hours at 260° C. and 300° C. They were then heated at
a rate of 1° C./10 min from 300° C. and held for each 6
hours at 330° C., 350° C, 380° C. and 420° C. They were
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further heated at a rate of 1° C./10 min from 220° C. and
held for each 6 hours at 330° C., 350° C, 380° C. and
420° C. Furthermore, they were heated at a rate of 1°
C./20 min from 420° C. and held for each 12 hours at
430° C., 450° C., 480° C., 500° C., 520° C., 540° C. and
560° C., and then cooled in the furnace. By the way, the
total time consumed in the above-described dewaxing
process was about 7 days. The densities of the molded
ceramic articles thus obtained are shown collectively by
o marks in the graph illustrated in FIG. 8.

As apparent from the above-described condition set-
ting, the method of the comparative example, namely,
the method making use of the low-viscosity additive,
requires the dewaxing and sintering processes accord-
ing to the complicated and long-term temperature set-
ting and moreover, it permits the molding of sound
ceramic articles only within the pressure range of
1,100-1,300 kg f/cm?compared with Experimental Ex-
ample B3 as apparent from the ¢ marks of the compara-
tive example in FIG. 8. In the comparative example,
cracks were formed in all the molded ceramic articles
under any pressures outside the above range. It is there-
fore only possible to mold within the narrow pressure
range.

Besides, in Experimental Example B3, cracks were
formed in the molded ceramic articles under any pres-
sures above 1,800 kg f/cm2. It is understood from this
that the hydrostatically applied condition of pressure
was destroyed under any pressure above this limit, so
that particles quarreled with one another and hence,
heavy residual stress was released during the calcina-
tion. In addition, it is also understood that in the injec-
tion molding under any pressures below 700 kg f/cm2in
Expenimental Example B3, the interparticle distance
became greater due to segregation, so that effective
sintering could not be accomplished. Accordingly, it
can be appreciated that in Experimental Example B3,
the dewaxing and sintering processes according to the
complicated and long-term temperature setting is use-
less upon the production of molded ceramic articles,
and the stable range permitting the sound molding of
the ceramic articles extends wide.

The molded ceramic articles and production method
thereof according to the present invention will hereinaf-
ter be described in detail by the following preferred
third embodiment.

In this embodiment, the following experiment was
conducted, in which welding electrode tips making
general use of molded ceramic articles were used. When
the electrode tips after used in welding are analyzed, the
diffusion of metal components from works is observed
to a great extent on each of the electrode tips used in the
above-described prior art. The metal components dif-
fused 1n the electrode tip reacts with the components of
the electrode tip to form an alloy or solid solution.
‘Therefore, the electric resistance of the electrode tip is
increased and generation of heat occurs on the distal
end of the electrode tip, so that the diffusion is further
facilitated and lastly, oxides are formed on the electrode
fp.

In order to enhance the durability and corrosion
resistance of such an electrode tip, it is therefore neces-
sary to contain, in a material making up the electrode
tip, at least one constituent component, which can pre-
vent metal components from diffusing from a work in

the electrode tip and forming a solid solution, in ad-
vance.
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Namely, as alloy components of a composite com-
prising copper as a main component, there are added at
least one component selected from Cr, Ni, Co, Fe and
the like for enhancing strength to prevent the penetra-
tion of the metal components from the work, at least
one component selected from Zn, Al, Si, B, P, Mn, Mo,
W, V, Nb, Ti, Zr, Hf, Ca, Mg, Be and the like for en-
hancing corrosion resistance, and at least one compo-
nent selected from Sb, Bi, Pb, Ag, Au and the like for
facilitating the densification upon calcination. Inciden-
tally, all the above additive components sharply in-
crease the electric resistance of the electrode tip. In
order to permit the practical use of an electrode tip
containing them, it is therefore necessary to use the
alloy components in an amount of at most 50 wt. %. In
addition, it is also necessary to control their content to
at least 0.3 wt. % for attaining the effects as the additive
components. Accordingly, the additive components are
controlled to an amount not less than 0.5 wt. % but less
than 30 wt. %.

A small amount of at least one oxide such as CuQ,
Cu20, Agr0, SnO or ZnO, or finely particulate carbon,
for example, carbon black is incorporated in the constit-

uents of the electrode tip to cause it to perform a part of

an oxygen source upon a reaction during calcination or
a reaction during a casting process, or preliminary part
of the reaction. For example, when taking the case of
CuQ, the copper oxide easily eliminates oxygen in an
inert atmosphere or an inert atmosphere added with
hydrogen gas to convert into metal copper. The active
oxygen released at this time oxidizes Cr, Ni, Co, Al, Ti
and/or the like, which is an active metal, to form ce-
ramic particles. By the way, in this reaction, a metal to
penetrate from the work 1s liable to be more oxidized
than copper. Therefore, it is also expected to undergo
an exchange reaction in which oxygen is imparted to
the metal to diffuse and penetrate. It is hence unneces-
sary to allow the reaction to proceed by 100%.

Furthermore, the ceramics deposited are used to
bond the matrix to the ceramics, thereby forming a
ceramic-formed metal. In other words, ceramic parti-
cles are enlarged to permit densification by sintering.

The method according to this embodiment will here-
inafter be described in detail by the following experi-
mental example.

Experimental Example C

Copper powder having an arborescently-grown den-
dritic form as a main raw material, and as other raw
materials, 0.8 wt. 90 of Cr, 0.5 wt. 9% of Ni, 0.5 wt. 9% of
Al, 0.6 wt. % of T1, 0.1 wt. % of B, 0.1 wt. % of Fe and
1.2 wt. % of O3 were weighed and gathered. They were
then mixed by a mixer and further, press-molded under
pressure by uniaxial press molding using a molding
machine, thereby obtaining preforms. After drying the
thus-obtained preforms, they were calcined in a vacuum
sintering furnace and then subjected to a solution treat-
ment. After the solution treatment, they were subjected
to a cooling treatment and then an aging treatment,
thereby obtaining electrode tips made of a molded ce-
ramic article.

According to the above-described process, electrode
tip specimens 1o be used in Experimental Example C
were produced. Incidentally, electrode tip specimens
comprising copper as a main component and 0.8 wt. %
of Cr was used in Comparative Example C. The elec-
trode tip specimens to be used in both Experimental
Example C and Comparative Example C were formed
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into dome type electrodes having a tip diameter of 6-12
mm.

Using the respective electrode tip specimens, a dura-
bility test for spot welding making use of galvanized
steel plates of 0.75 mm thick as works was conducted
under preset conditions of an applied pressure of
180-200 kg f/cm?, a welding current of 11,000 A and a
weld time of 12 seconds. As a result, it was found that in
Comparative Example C, fusion bonding of the elec-
trode tip and the work occurred in 600 spots. In Experi-
mental Example C on the other hand, the fusion bond-
ing occurred for the first time in 2,000 spots. It can
therefore be judged that the electrode tip according to
Experimental Example C was improved in durability by
about three times.

Next, the sections of the tips after used were analyzed
by an EPMA. It was found that the penetration of Zn
was observed to an extremely great extent in Compara-
tive Example C, but to a very slight extent as one sever-
als of such an extent in Experimental Example C.

Furthermore, the identification of the formed prod-
ucts was attempted by X-ray diffraction. As a result, the
formation of CuZn and CusZng, which were composi-
tional components of the respective alloys composing
the electrode tips, were observed in both Experimental
Example C and Comparative Example C. However, the
formation of CuyO, CuyCryO4 and ZnO; was recog-
nized only in Comparative Example C.

With respect to the migrated corrosion of the tips, 2
difference of 0.7-1.1 arose in that of Comparative Ex-
ample C, while the difference observed in that of Exper-
imental Example C was as little as 0.05 mm.

From the analytic results of the formed products in
the section of the tip after used by using the EPMA,
identification results of the formed products by the
X-ray diffraction and data of the migrated corrosion in
Comparative Example C, 1t can be understood that a
great amount of Zn diffused and penetrated deep in the
depth direction of the electrode tip specimen from the
work components, thereby forming a great amount of a
new alloy. The thus-formed new alloy was caused to
increase the electric resistance of the specimen,
whereby an amount of heat generated thereon was
increased and finally, the distal end of the specimen was
oxidized. Therefore, the amount of heat generated on
the specimen was further increased secondarily,
whereby the molten Zn bonded to the distal end of the
electrode tip' specimen and an insulating layer was
formed by oxidation accompanying the generation of
heat. As a result, it can be understood that electrical
discharge caused the migrated corrosion to occur to a
great extent.

In Experimental Example C, Ze of the work compo-
nent diffused and penetrated only in an extremely small
amount compared with the case of Comparative Exam-
ple C and also, its depth of penetration was extremely
shallow. Therefore, it can be considered that the pene-
tration and diffusion of Zn were prevented by the add:-
tive components added or ceramic particles deposited
and the corrosion resistance was hence enhanced.

The hardnesses of the tips were Hgp 65 for Experi-
mental Example C and Hgp 63 to Hrp 70 for Compara-
tive Example C.

It was confirmed from the above data that according
to this embodiment, metal component(s) is prevented
from diffusing and penetrating from one material, i.e., a
work Into the other material, i.e., an electrode tip,
thereby inhibiting the formation of any alloys or solid
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solutions by the reaction of the metal component(s) of

said one material with said the other material and the
formation of any oxides, so that the durability and cor-
rosion resistance of the electrode tip are improved to a
significant extent.

The molded ceramic articles and production method
thereof according to the present invention will hereinaf-
ter be described in detail by the following preferred
fourth embodiment.

As mdicated in Experimental Example C, in welding
electrode tips making general use of molded ceramic
articles and suitable for use in used, oxides are formed
on the electrode tips after used. In order to enhance the
- durability and corrosion resistance of such an electrode
tip, it is therefore necessary to contain, in a material
making up the electrode tip, at least one constituent
component, which can prevent metal components from
diffusing from a work in the electrode tip and forming a
solid solution, 1in advance.

Namely, i copper powder which has a dendritic
structure and is a base metal for electrode tips, was
incorporated at least one oxide powder, carbon powder
or metal powder, which has a small particle size and can
fill up the voids of the dendritic structure, to cause it to
perform a part of an oxygen source or carbon source
upon a reaction during calcination, or preliminary part
of the reaction. At this time, such a component causes to
diffuse a metal or carbon and the oxide itself is con-
verted 1nto an element metal. The oxygen released at
this time oxidizes an active metal to form ceramic parti-
cles.

Furthermore, the ceramics deposited are used to
bond the matrix to the ceramics, thereby forming a
ceramic-formed metal. In other words, ceramic parti-
cles are enlarged to permit densification by sintering.

Experimental Example D

Mixed raw materials were separately prepared by
welighing and gathering —325 mesh dendritic electro-
lytic copper powder as a principal raw material and
other raw materials composed of 0-1.5 wt. % of Cr as a
depositing and reinforcing material, 0-0.7 wt. 9% of Ni,
0.5-1.5 wt. % of Al,O3, 0.5-1.5 wt. % of TiO,, 0-0.3
wt. %0 of Si and 0-3 wt. % of SiC as dispersing materi-
als, 0-0.8 wt. % of Co and 0-0.5 wt. % of Ti as deposit-
ing and reinforcing materials, 0-0.8 wt. % of Fe, 0-0.3
wt. % of TiC, 0-0.5 wt. % of TiN, 0-10 wt. % of TiB>
and 0-10 wt. % of ZrB; as solution solid-forming, de-
positing and reinforcing materials, 1-10 wt. % of tita-
nium isopropoxide as a dispersing and reinforcing mate-
nal, and 0-3 wt. % of aluminum isopropoxide as a dis-
persing and reinforcing material.

The thus-obtained mixed raw materials were then
mixed over 10-30 minutes by a mixer while controlling
their moisture contents to 10-15%.

Then, the resulting mixtures were separately press-
molded under a pressure of 1-2 t/cm? by uniaxial press
molding using a molding machine, thereby obtaining
preforms. The thus-obtained preforms were dried for at
least 2 hours at a drying temperature of 80°-120° C.
Thereafter, they were calcined for 3-5 hours at a sinter-
ing temperature of 980°-1,060° C. in a vacuum sintering
furnace and further subjected to a solution treatment for
1-2 hours at 1,000° C.

After the solution treatment, they were subjected to a
gas cooling treatment in the presence of nitrogen gas.

Then, they were subjected to an aging treatment for
1-2 hours at a temperature of 500° C., thereby obtaining
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electrode tips made of their corresponding molded ce-
ramic articles. The electric resistance of the thus-
obtained electrode tips were measured about 0.1-100
pn{)-cm under conditions of a terminal diameter of 30
mm by a precision resistance meter and further, their
various physical properties were confirmed. Thereafter,
the electrode tips were subjected to a precision emboss-
ing, thereby obtaining electrode tip specimens.

With respect to the thus-obtained electrode tip speci-
mens of experimental examples 1 through 9 and com-
parative examples 1 and 2, which are shown in FIG. 9,
a durability test for continuous spot welding making use
of double-side hog-galvanized steel plates of 0.75 g/m?
as works was conducted under test conditions of an
applied pressure of 180-200 kg f/cm?, a welding current
of 11 kA and a weld time of 12 seconds.

Incidentally, the electrode tip specimens to be used
each had a tip diameter of 6 mm, and the determination
of weldability was conducted by predetermining the
lower limit of a nugget diameter to 3.6 mm.

As a result, as apparent from the data shown in FIG.
9, it was found that in the comparative examples 1 and
2, the numbers of times of the welding before fusion
bonding of the electrode tip and the work occurred
were 600 spots and 800 spots, respectively, while in the
experimental examples 1 through 9 according to the
present invention, the numbers of times were 2,500
spots even at the lowest, and 3,000-3,500 spots in most
cases. It can therefore be judged that the electrode tips
according to the present invention were improved in
durability upon the continuous spot welding.

Using the 7th example as a typical example according
to this embodiment, its electrode tip specimen and vari-
ous test results will hereinafter be described and ana-
lyzed more specifically.

A mixed raw material was prepared by weighing and
gathering 94.7 wt. % of —325 mesh dendritic electro-
lytic copper powder as a principal raw material, 0.3 wt.
%0 of Cr as a depositing and reinforcing material having
a particle size of at most 10 pm, 5 wt. % of Ni as a
dispersing material having a particle size of at most 5
pm, and 5 wt. % of titanium propoxide, 1 wt. % of
aluminum isopropoxide and 0.2 wt. % of polycarbosi-
lane as dispersing and reinforcing materials.

Of the thus-weighed raw materials, aluminum isopro-
poxide and polycarbosilane as the dispersing and rein-
forcing materials were dissolved in a solvent composed
of ethanol and xylene in advance. The solution was
added to the other raw materials and the whole amount
of the raw materials was wet-mixed in a mixer by using
ethanol again. |

After wet-mixing, the content of the solvent in the
mixed raw material was adjusted to 12 parts by weight
based on 100 parts by weight of the raw materials
weighed 1n a dryer controlled at 60° C.

The . thus-obtained mixed raw material was then
press-molded under a pressure of 1-2 t/cm?2 by uniaxial
press molding using a molding machine into a rod-like
preform of 20X20X 75 mm.

The thus-obtained preform was dried for 6 hours at
80" C. and then for 6 hours at 110° C.

Thereafter, nitrogen gas was first of all introduced at
a flow rate of 50 ml/min in a vacuum sintering furnace,
and the thus-dried preform was heated at a rate of 10°
C./min in the furnace and held for 30 minutes at 250° C.,
for 15 minutes at 320° C., for 15 minutes at 380° C. and

for 30 minutes at 485° C. and further heated and held for
1 hour at 650° C.
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The heating rate was then changed to 15° C./min to
subject the preform to a calcination treatment for each
30 minutes at 750° C., 880° C., 920° C., 970° C. and
1,030° C, and for each 1 hour at 1,050° C. and 1,060° C.

After the thus-treated preform was cooled to 1,020°
C. at a cooling rate of 80° C./min and held for 1 hour at
the same temperature, it was cooled in a nitrogen gas
atmosphere and immediately subjected to an aging
treatment for 2 hours at a temperature of 500° C.,
thereby obtaming electrode tip specimens made of a
molded ceramic article.

The physical properties of the thus-obtained elec-
trode tip specimen were measured to obtain the follow-
ing results.

The electrode tip specimen had a density of 8.87
g/cm3 a hardness, Hgrp of 65-68, a coefficient of linear
contraction of 15.6% and an electric resistance of 2 u{}.

In addition, the durability test for continuous spot
welding was conducted. As a result, 3,500 spots of
welding were required before the fusion bonding oc-
curred. Further, the electrode tip specimen after the test
was analyzed by X-ray diffraction. As a result, it was
confirmed that A1,O3, TiC, TiN and TiO; were present
as components.

Furthermore, the particles of the ceramic formed

were observed through an electron microscope. As a
result, it was confirmed that their particle sizes were as

fine as about 20-70 © and also, the particles bond to the
matrix at their interface.

As apparent from the above data, even when the
ceramic was added in a great amount compared with
that in the comparative example 2, the electric resis-
tance was 2 pf) and lower than 6 uf} in the comparative
example 2.

Therefore, according to this embodiment of the pres-
ent mvention, it is possible to reduce the intergranular
resistance, intergranular discharge and electrolytic cor-
rosion owing to the bonding of the ceramics added
and/or deposited to the matrix metal and hence, to add
the ceramics in an amount more than any conventional
amournts.

The molded ceramic articles according to the present
mvention will hereinafter be described in detail by the
following preferred fifth embodiment with reference to
the accompanying drawings.

In the production method of the molded ceramic
articles according to this embodiment of the present
mvention, electrolytic copper powder was used as a
main component in order to provide copper high in
electric conductivity as a base metal.

However, since copper was low in hardness, chro-
mium powder was added to obtain a Cu-Cr alloy. This
alloy has mechanical strength as high as 45 kg f/cm?2 in
terms of tensile strength because its interatomic force is
strong. Further, since its electric resistance is low, it has
an electric conductivity of the order of 70-809% of sim-
ple substance of copper. An amount of heat generated
on a surface coming into contact with a weld metal
upon welding is also less.

However, when the above-described alloy is used as
a material for an electrode to weld a galvanized weld
metal, metal components such as Zn and Fe other than
the components of the alloy penetrate into the crystal
structure of the alloy with ease and such different metal
components are oxidized with oxygen in the working
atmosphere to form enlarged oxides, so that the crystal
structure 1s made brittle, and the alloy is caused to crack
and finally to fusion-bond to the weld metal.
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Therefore, in this embodiment, in order to avoid the
phenomenon leading to the fusion bonding without
lowering the electrical conductivity of the alloy, fine
chromium powder was caused to diffuse into electro-
lytic copper powder and a ceramic was then formed,
whereby the crystal structure was made dense to pre-
vent the penetration of the different metal components.
Incidentally, purified and unoxidized powders were
used upon the ceramic formation.

Further, prior to the ceramic formation, the mixed
raw powder was plastically deformed by press molding
or the like, thereby causing particles of the raw powder
to bond to one another. Thereafter, part of the surface
thereof was oxidized to form an oxide film of the order
of 0.001-0.01 pm thereon.

'The reason why such a partial oxide film is formed is
that when the whole surface of the raw powder is cov-
ered with the oxide film, a subsequent sintering is hin-
dered, resulting in a failure in obtaining any dense ce-
ramics. In addition, any oxide films thicker than 0.01
pm will hinder the sintering. On the contrary, any oxide
films thinner than 0.001 um will hinder the formation of
chromium oxides and the growth of the oxide films, so
that successful formation of the ceramics is not accom-
plished and hence, the desired effects cannot be at-
tained.

The oxide films formed on the surfaces of the constit-
uent particles in a preform accumulate in the grain
boundaries at the final stage of the sintering and at the
same time, facilitate the oxidation of chromium in ac-
cordance with the following reaction and hence sinter-

ing.
3Cu0 + 2Cr = 3Cu + Cr;03

(+ CrO2)

(+ CrO)

By the way, in order to form the oxide films on the
surfaces of the constituent particles in the preform, the
preform was subjected to a heat treatment at 100°-300°

'C., preferably, 130°~250° C. in the atmosphere.

After the heat treatment, the preform is sintered in a
nitrogen atmosphere at a flow rate of 10-300 ml/min
with a view toward eliminating oxygen adsorbed prior
to the sintering out of the system and making the oxide
films’ formed on the surfaces of the particles uniform.
Any flow rates more than 300 ml/min will make the
temperature distribution in a furnace wider, resulting in
a failure of accomplishing the evenness. On the con-
trary, any flow rates less than 10 ml/min cannot attain
the desired effects.

‘The sintering is conducted in a temperature range of
950°-1,065° C. for a period of at least 30 minutes but at
most 6 hours.

Any temperatures lower than 950° C. will be difficult
to cause sintering to proceed. On the other hand, any
temperatures higher than 1,065° C. will cause the result-
ing sintered body to soften and deform, and vaporize
the copper component. The vaporized copper is then
solidified to cause the breakdown of the molded ce-
ramic article, so that there is a potential problem that a
worker 1s shocked. It is therefore necessary to preset the
temperature within the above range.

This embodiment will hereinafter be described in
detail by the following experimental examples with
reference to the accompanying drawings.
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Experimental Example E1l

A powder mix as raw materials was provided by
weighing, as a main component forming a base metal,
electrolytic copper powder having an average particle
size of 44 pm and as an additive component, chromium
powder having an average particle size of 0.8 um so as
to give proportions of 98.5 wt. % and 15 wt. %, respec-
tively based on the whole weight of the powder mix.

The resultant powder mix was added with ethanol
and the mixture was wet-mixing in a ball mill to disperse
and mix the chromium powder into the electrolytic
powder.

The content of the ethanol was then adjusted to about
12-13% and the thus-adjusted powder mix was plasti-
cally deformed. Thereafter, the thus-deformed powder
mix was molded by uniaxial pressing into a preform in
the form of 22X22X75 mm.

The thus-obtained preform was dried for 4 hours at

80° C. and then subjected to a heat treatment for 1 hours
at 110° C. and for 4 hours at 210° C. in the atmosphere,
thereby forming oxide films of the order of 0.001-0.01
pm on the surfaces of the particles making up the pre-
form.

The thus-treated preform was heated to 650° C. at a
rate of 10° C./min in a nitrogen atmosphere at a flow
rate of 40 mi/min and held for 30 minutes at 650° C.
After the flow rate of nitrogen was then reduced to 15
ml/min, the preform was heated up to 1,030° C. at a rate
of 10° C./min and held for 1 hour at the same tempera-
ture and further heated up to 1,055° C. at a rate of 3°
C./min and held for 15 minutes at the same temperature,
thereby sintering the preform.

After the sintering, the resulting sintered body was
cooled 1 a sintering furnace and subjected to a solution
treatment for 2 hours at 1,000° C. in an argon atmo-
sphere and then oil-cooled, thereby obtaining a molded
ceramic article.

‘The molded ceramic article obtained in accordance
with the above-described process was used as speci-
mens t0 conduct the following various tests.

First of all, a weldability test will be described. Using,
two weld metals which were put on each other and
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composed of steel plates plated with each 45 g/m? of 45

zinc on both sides and having a thickness of 0.8 mm,
bath continuous spot welding ability and fusion bonding

behavior to the weld metals were tested under welding

conditions of an applied pressure of 200 kg f/cm?2, a

welding direct current of 10,000 A and a weld time of s

10 seconds.

By the way, tips making use of the above-obtained
sintered body were water-cooled upon the tests. For the
sake of comparison, aluminum oxide dispersed copper
was used.

As a result, the number of times of the possible con-
tinuous spot welding was improved to 2.4 times and the
percent fusion bonding was decreased from 14.3% for
the comparative example to 3.14%.

The density of the specimen of the comparative ex-
ample was 8.65 as measured in accordance with the
Archimedean method, while the density of the speci-
men according to this experimental example was in-
creased to 8.89.

The hardness, Hgrp of the specimen of the compara-
tive example was 72 as measured in accordance with the
Rockwell hardness test making use of a steel ball, while
the hardness, Hgp of the specimen according to this
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experimental example was 52 and 72% of the compara-
tive specimen.

As a result of a chemical analysis, it was found that
the molded ceramic article contained 98.1% of Cu,
1.5% of Cr and 0.4% of Oz and hence, it was confirmed
that oxygen was contained. From this result, the follow-
Ing reaction system was established.

3CuO(Cu20 in part) + 2Cr = Cry03 + 3Cu(6Cu in part)

It 1s understood that the transfer of electrons occurred
between the copper particles on which the oxide films
were formed by the heat treatment and chromium by
the sintering to oxidize chromium, thereby leading to
the improvement of the continuous spot welding ability.

The crystallinity of the specimens was observed by
etching the specimens with a mixed liquid of FeCl; and
HCl3;. As a result, the specimen of the comparative
example was in a fibrous form, while a dense crystal
lattice was observed on the specimen of the experimen-
tal example.

In the observation of the structure making use of an
electron microscope, the deposition of the ceramic
components was observed on the crystal grains of cop-
per. It i1s understood that such ceramic components
were deposited by oxidation in the course of the ceram-
ic-forming process of chromium. In addition, the bond-
ing of the deposited components to the crystal grains of
copper was observed. It is understood that their bond-
ing was a chemical bond accompanied by diffusion.

The microfocus X-ray analysis is used to identify
chromium oxides, and CryO3 and a small amount of
CrO; were specified.

Experimental Example E2

The same powdery raw materials as those used in
Experimental Example E1 were used. Ethanol was
added to first through 26th powder mixes of their corre-
sponding composition ratios diagrammatically shown in
FIG. 10a. Each of the resulting mixtures was wet-mixed
for 5 days in a ball mill to disperse and mix the chro-
mium powder into the electrolytic copper powder.

The resulting mixtures were separately molded in the
same manner as in Experimental Example E1l, thereby
obtaining respective preforms. The thus-obtained pre-
forms were dried at 80° C. Thereafter, the preforms
were respectively treated in accordance with the first
through 26th process conditions shown in FIG. 10q,
thereby obtaining molded ceramic articles.

The first through 26th sintered bodies thus obtained
were separately used as specimens to conduct the same
tests as in Experimental Example E1. Their results are
shown in FIG. 105. It can be judged collectively from
the test results that when the amount of chromium
added is within the range of from at least 0.4 wt. % to
at most 3.0 wt. % preterably, from at least 0.8 wt. % to
at most 2.4 wt. %, the resulting molded ceramic article
can suitably be put to practical use.

Experimental Example E3

The same powdery raw materials as those used in
Experimental Examples E1 and E2 were used, and pre-
forms to which the chromium powder was added in
proportions of 0.8 wt. % and 1.4 wt. % were separately
obtained in the same manner as in Experimental Exam-
ples El1 and E2.
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The thus-obtained preforms were separately sub-
jected to a heat treatment at 240° C. in the atmosphere
to form oxide films of about 0.001-0.01 wm on the sur-
faces of particles making up each of the preforms.

The thus-treated preforms were separately sintered at
1,060° C. in an argon atmosphere at a flow rate of 10

After the sintering, the resulting sintered bodies were
held for 4 hours at 1,000° C. and quenched by oil-cool-
ing, followed by respective aging treatments for 4 hours
at varied temperatures within the temperature range of
300°-600° C. to obtain respective molded ceramic arti-
cles. Incidentally, both specimens of the molded ce-
ramic articles obtained by this experimental example
had a density of 8.91-8.93 g/cm3.

The relationship between the hardness and the aging
temperature with respect to each of the molded articles
1s graphically illustrated in FIG. 10¢. The marks ¢ and
x indicate the molded ceramic articles added with 0.8
wt. % of the chromium powder and 1.4 wt. % of the
chromium powder, respectively.

As apparent from FIG. 10c, it is judged that the aging

temperature 1s suitably preset within the range of
450°-530° C., preferably, 480°-520° C.

Experimental Example E4

The same powdery raw materials as those used in
Experimental Example E3 were used and calcined in
the same manner as in Experimental Example E3. An
aging temperature was then preset to 500° C., and the
thus-obtained sintered bodies were respectively sub-
jected to solution treatments at varied temperatures
within the temperature range of 800°-1,060° C. The
relationship between the hardness and the temperature
upon the solution treatment with respect to each of the
thus-obtained molded articles is graphically illustrated
in FIG. 104, The marks ¢ and x indicate the molded
ceramic articles added with 0.8 wt. % of the chromium
powder and 1.4 wt. % of the chromium powder, respec-
tively. |

‘The hardness, Hgp suitable for practical use is 50 or
mgher. Any hardness lower than Hgp 50 cannot with-
stand the softening, wear and external pressure when an
molded ceramic article having such a low hardness is
used as an electrode and hence, it is apprehend that
there will be reduction in current density. As apparent
from FIG. 104, it is judged that the temperature upon
the solution treatment is suitably preset within the range
of 950°-1,050° C., preferably, 980°-1,030° C.

Experimental Example ES5

The same powdery raw materials as those used in
Experimental Examples E1 and E4 were used, and pre-
forms to which the chromium powder was added in
proportions of 0.8 wt. %, 1.4 wt. % and 2.4 wt. % were
separately obtained in the same manner as in Experi-
mental Examples E1 and EA4.

The thus-obtained preforms were separately sub-
jected to a heat treatment at 300° C. in the atmosphere
to form oxide films of about 0.001-0.01 um on the sur-
faces of particles making up each of the preforms.

The thus-treated preforms were respectively sintered
at 1,060° C. in mixed gas atmospheres of hydrogen and
nitrogen at a flow rate of 300 ml/min.

After the sintering, the resuiting sintered bodies were
separately held for 4 hours at 1,000° C. in an argon
atmosphere, thereby subjecting them to a solution treat-
ment, and the thus-treated sintered bodies were
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quenched by oil-cooling, followed by an aging treat-
ment for 4 hours at 500° C. to obtain respective molded
ceramic articles.

Incidentally, the hydrogen concentrations in the
mixed gas atmospheres were 0 wt. %, 5 wt. %, 15 wt. %
and 35 wt. %, respectively.

The first through 12th sintered bodies thus obtained
were separately used as specimens to conduct the same
tests as in Experimental Examples E1 and E2 under the
same conditions as those therein. Their results are
shown in FIG. 11.

As apparent from FIG. 11, it is understood that since
hydrogen eliminates an excess of oxygen and reduces
the copper particles the surfaces of which have been
oxidized to excess upon the heat treatment, the sintered
density of the resulting sintered body is increased,
whereby the enhancement in test results with respect to
both hardness and aumber of times of fusion bonding
behavior is recognized.

The molded ceramic articles and production method
thereof according to the present invention will hereinaf-
ter be described in detail by the following preferred
sixth embodiment.

In the production method of the molded ceramic
articles according to this embodiment of the present
invention, a Cu-Cr alloy with chromium powder added
to electrolytic copper powder as a base metal was used.

However, when this alloy is used as a material for an
electrode to weld a galvanized weld metal, metal com-
ponents such as Zn and Fe other than the components
of the alloy penetrate into the crystal structure of the
alloy with ease and such different metal components are
oxidized with oxygen in the working atmosphere to
form enlarged oxides, so that the crystal structure is
made brittle, and the alloy is caused to crack and finally
to fusion-bond to the weld metal.

Therefore, in this embodiment, in order to avoid the
phenomenon leading to the fusion bonding without
lowering the electrical conductivity of the alloy, fine
chromium powder was caused to diffuse into electro-
lytic copper powder and the resulting mixture was then
sintered in an inert gas atmosphere such as nitrogen gas
to form both nitride layer and carbide layer on the
surface of the chromium so as to increase apparent
ceramic particles corresponding to the deposition of
chromium, whereby the penetration of the different
metal components is prevented.

The chromium is added within the composition range
of from at least 0.4 wt. % to at most 3.0 wt. %. Any
amounts more than 3.0 wt. % will cause the sensitiza-
tion of grain boundaries, so that the oxidation of the
chromium proceeds to an extent greater than it needs
and hence, mtergranular corrosion and the like occur
thereon and moreover an electrode material composed

- of such an alloy is deformed with time. Therefore, the

65

intended effects cannot be substantially accomplished if
the chromium i1s.added in such an amount. On the other
hand, the addition of any amounts less than 0.4 wt. %
will also result in a substantial failure in attaining the
intended effects.

In order to provide the above inert gas atmosphere,
mitrogen gas alone or a mixed gas composed of nitrogen
gas and argon gas and/or hydrogen gas is used as an
inert gas. The use of argon gas alone is expensive in
view of cost, while the use of hydrogen gas alone in-
volves a risk of explosion.
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It 1s also possible to enhance the reaction efficiency
by adding carbon monoxide gas, ammonia gas and/or
the like to the inert gas.

With a view toward cleaning the surface of the pow-
der oxidized, enhancing the nitriding efficiency of the
chromium and using for the carbonization of the chro-
mium, the carbonaceous material is added in such a
proportion that a carbon residue is at most 0.1 wt. %.

Any carbon residues exceeding 0.1 wt. % will inhibit
the densification of a resulting sintered body. Also, from
the viewpoint of accomplishing its intimate dispersion,
it 1s necessary to add the carbonaceous material in the
above range.

The carbonaceous material to be added is desirably in
the form of a liquid such as an alcohol, but may be in a
finely particulate form such as carbon black.

In order to attaining the cleaning of the surface of the
powder oxidized, which is one of the above-described
objects, without inhibiting the sintering, it is necessary
to preset a temperature range up to at most 700° C. at
which the carbonaceous material added is vaporized.

The flow rate of the inert gas is kept to about 0.5-20
l/min by suction of a vacuum pump. Any flow rates
exceeding 20 1/min will make the furnace temperature
distribution wider, resulting in a reduced cleaning effi-
ciency. On the contrary, any flow rates less than 0.5
1/min will make the cleaning impossible.

Incidentally, the sintering is conducted under a pres-
sure not less than 0.1 kg f/cm? but up to 10 kg f/cm?.
The sintering pressure is preset lower at its initial stage
and gradually increased after this. Any pressures lower
than 0.1 kg f/cm? will fail to obtain a good sintering
efficiency. On the contrary, any pressures higher than
10 kg f/cm? will inhibit the sintering.

Experimental Example F1i

A powder mix as raw materials was provided by
welghing, as a main component making up a base metal,
electrolytic copper powder having an average particle
size of 44 um, and as additive components, chromium
powder having an average particle size of 1.6 um and
carbon black in such a way that they were respectively
in proportions of 98.55 wt. %, 1.4 wt. % and 0.05 wt. %,
all, based on the whole weight of the powder mix.

Ethanol was added to the powder mix and the mix-
ture was wet-mixed in a ball mill to disperse and diffuse
the chromium powder into the electrolytic copper pow-
der.

The content of the ethanol was then adjusted to about
12-13% and the thus-adjusted powder mix was then
molded under a pressure of 150 MPa by uniaxial press-
ing into a preform in the form of 2222 X 75 mm.

The resulting preform was dried for 6 hours at 80° C.
and then heated to 110° C. to dry it for 4 hours in the
atmosphere.

The thus-dried preform was then heated up to 350° C.
at a rate of 10° C./min in a nitrogen atmosphere at a
flow rate of 2 1/min and held for 1 hour at the same
temperature, and then heated up to 485° C. at a rate of
10° C./min and held for 1 hour at the same temperature.
Oxygen contained in the preform was eliminated in the
course of up to this process.

After the preform was heated further to 900° C. at a
rate of 10° C./mun and held for 30 minutes at the same
temperature 1n a furnace, nitrogen gas was filled in the
furnace to a pressure of 5 bars to uniformly stabilize a
protective ceramic film formed. The thus-treated pre-
form was then heated up to 980° C. at a rate of 10°
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C./min and held for 30 minutes at the same temperature
and further heated up to 1,030° C. at a rate of 5° C./rain
and held for 30 minutes at the same temperature, and
still further heated up to 1,050° C. at a rate of 5° C./min
and held for 30 minutes at the same temperature.

Then, the thus-obtained sintered body was immedi-
ately cooled to 1,000° C. and held for 4 hours to form a
solution of the chromium, followed by its quenching by
oil cooling.

After the quenching, the sintered body was subjected
to an aging treatment for 2 hours at 500° C. with a view
toward depositing and forming fine particles of chro-
mium and applying residual stress.

The thus-obtained molded ceramic article was used
as specimens to conduct the following various tests.

First of all, a weldability test will be described.

Using two weld metals which were put on each other
and composed of steel plates plated with each 45 g/m?
of zinc on both sides and having a thickness of 0.8 mm,
both continuous spot welding ability and fusion bonding
behavior to the weld metals were tested under welding
conditions of an applied pressure of 200 kg f/cm?2, a
welding direct current of 10,000 A and a weld time of
10 seconds.

For the sake of comparison, aluminum oxide dis-
persed copper containing 0.8 wt. % of aluminum oxide
was used.

Their results are shown in FIG. 12. As apparent from
FIG. 12, the numbers of times of the possible continu-
ous spot welding were 2,500 spots for this example and
900 spots for the comparative example. Therefore, the
number of times of the possible continuous spot welding
was 1improved to about 278% and the fusion bonding
was decreased to 1/5. It is apparent that the durability
of the specimen according to this experimental example
was significantly improved. |

The density of the specimen of the comparative ex-
ample was 8.76 as measured in accordance with the
Archimedean method, while the density of the speci-
men according to this experimental example was in-
creased to 8.89.

Their hardness was measured by the Rockwell B
scale. The hardness, Hrp of the specimen of the com-
parative example was 74, while the hardness, Hgpof the
specimen according to this experimental example was
33 and 72% of the comparative specimen.

As a result of a chemical analysis, it was found that
the molded ceramic article contained 98.5% of Cu,
1.38% of Cr, 0.03% of C, 0.019% of N and the balance of
O3 and hence, it was confirmed that oxygen and nitro-
gen were contained. Incidentally, it is considered that
the carbon added was vaporized as carbon monoxide
and carbon dioxide. |

By the observation of the structure and analysis of the
deposited layer and deposits, it was confirmed that
carbon and nitrogen are not present in the crystal grains
of copper. It is therefore judged that carbon and nitro-
gen were reacted with chromium. It was also identified
that the carbide and nitride of the chromium are CrCs

and CrNj, respectively, including an amorphous layer
in part.

Experimental Example F2

The same powdery raw materials as those used in
Experimental Example F1 were used. Ethanol as a lig-
uid medium was added to first through 28th powder
mixes of their corresponding composition ratios dia-
grammatically shown in FIG. 13. Each of the resulting
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mixtures was wet-mixed in a ball mill to disperse and
mix the chromium powder into the electrolytic copper
powder.

Incidentally, with respect to the carbonaceous mate-
rials to be added, ethyl cellosolve was used each 1n an
amount of 10 wt. % based on the whole weight of the
mixture in the 6th, 12th, 18th and 19th cases and in the
other cases, carbon black having an average particle
size of 50 A was used 1n their corresponding amounts
shown in FIG. 13.

After the mixtures as the raw materials were dried,
their moisture contents were adjusted to 11-13 wt. % at
70° C.

Each of the mixtures was cooled to room tempera-
ture and then molded in the same manner as in Exper:i-
mental Example F1, thereby obtaining a preform in the
form of 22 X22X75 mm. The resulting preform was
dried for 24 hours at 80° C. and for 24 hours at 110° C.

The pressure within a furnace was then reduced to
about 0.1-0.3 Torr by a vacuum pump in a nitrogen
atmosphere at a flow rate of 10 1/min.

Sintering was then preformed under preset conditions
shown 1n FIG. 13. Incidentally, the pressures shown in
- FIG. 13 are controlled pressures, and the changes in gas
pressure, which are caused by the thermal expansion of
the gas introduced in the furnace, are automatically
controlled.

After the sintering was conducted for 60 minutes, the
respective sintered bodies thus obtained were subjected
to a solution treatment and an aging treatment in accor-
dance with the respective processes in Experimental
Example F1.

The first through 28th molded ceramic articles ob-
tained 1n accordance with the above-described process
were separately used as specimens to conduct the same
tests as in Experimental Example F1. Their results are
shown 1 FIG. 14.

AS apparent from FIGS. 13 and 14, the numbers of
times of the possible continuous spot welding were 900
spots and the percent fusion bonding was 14.3% with
respect t0 the specimen made of the aluminum oxide
dispersed copper containing 0.8 wt. % of aluminum
oxide and used as the comparative example, while the
specimens of this experimental example according to
this invention were improved to about 2 times in the
number of times of the possible continuous spot welding
and reduced to 1/10 through 1/50 in the fusion bonding
behavior. Therefore, it can be judged that the molded
ceramic articles according to this invention predomi-
nate 1n use as electrode materials. |

It is also understood that it 1s preferable to use ethyl

cellosolve, i.e., a liquid material as the carbonaceous
material.

Experimental Example F3

The same powdery raw materials as those used in
Experimental Examples F1 and F2 were used, and
molded ceramic articles to which the chromium pow-
der was added in proportions of 0.8 wt. %, 1.4 wt. %
and 2.4 wt. % were separately obtained in accordance
with their corresponding composition ranges of chro-
mium and other additive components and their corre-
sponding compositions of an inert gas and additive
gases by which respective inert gas atmospheres were
formed, said composition ranges and compositions
being shown in FIG. 15, in the same manner as in
Experimental Examples F1 and F2 except that only the
sintering time was reduced to 30 minutes. Incidentally,
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with respect to the carbonaceous materials to be added,
ethyl cellosolve was used in the 16th through 18th cases
and in the other cases, carbon black was used.

The molded ceramic articles thus obtained were sepa-
rately used as specimens to conduct the same tests as in
Experimental Examples F1 and F2. Their results are
shown in FIG. 15b.

When the test results of this experimental example
shown in FIG. 156 are compared with those of Experi-
mental Example F2 shown in FIG. 14, it 1s found that
the specimens of the present experimental example are
more stable 1n basic physical properties such as density
and hardness and more improved in both fusion bond-
ing behavior and number of times of the possible contin-
uous spot welding. Accordingly, it is judged that the
surface of the raw powder was cleaned by adding NH3,
CO and/or H; to the inert gas.

Besides, with respect to the sintering time, Experi-
mental Example F2 took 60 minutes in every case to
sinter the preforms. Although the sintering time was
shortened to 30 minutes in every case of the present
experimental example on the contrary, the desired ef-
fects could be attained.

Therefore, it i1s judged that both nitriding and carbon-
izing efficiencies were enhanced, thereby facilitating
the sintering.

The molded ceramic articles and production method
thereof according 1o the present invention will hereinat-
ter be described in detail by the following preferred
seventh embodiment.

The Cu-Cr alloy obtained in the course of the pro-
duction process of the molded ceramic articles accord-
ing to the present invention undergoes fusion bonding
upon welding of galvanized weld metals and aluminum
alloys.

Therefore, in this embodiment, 1n order to avoid the
phenomenon leading to the fusion bonding without
lowering the electrical conductivity of the alloy, fine
chromium, aluminum and titanium powders were
caused to diffuse into electrolytic copper powder and
the resulting mixture was then sintered in an inert gas
atmosphere such as nitrogen gas to form both nitride
layer and carbide layer on the surface of the chromium
sO as to Increase apparent ceramic particles correspond-
ing to the deposition of chromium, and to oxidize the
aluminum into AlO3, and oxidize the titanmium into
TiO, and TiO, and further nitride and carbonize the
titanium into TiN, TiC and Ti(C, N) so as to increase
ceramic particles, whereby the penetration of the differ-
ent metal components is prevented.

The chromium, aluminum and titanium are added
within the composition ranges of from at least 0.4 wt. %
to at most 3.0 wt. 9%, from at least 0.05 wt. 9 to at most
11.2 wt. % and from at least 0.03 wt. % to at most 1.0
wt. %, respectively. Any amounts of the chromium
more than 3.0 wt. % will cause the sensitization of grain
boundaries, so that the oxidation of the chromium pro-
ceeds t0 an extent greater than it needs and hence, inter-
granular corrosion and the like occur thereon and more-
over an electrode material composed of such an alloy s
deformed with time. Therefore, the intended effects
cannot be substantially accomplished if the chromium is
added in such an amount. On the other hand, the addi-
tion of any amounts of the chromium less than 0.4 wt. %
will also result in a substantial failure in attaining the
intended effects. With respect to the aluminum, any
amounts less than 0.05 wt. % will result in a failure 1n
attaining the intended effects. On the contrary, any
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amounts exceeding 1.2 wt. % will make the electric
resistance of the alloy greater and hence, make it impos-
sible to put the alloy to practical use. Also, with respect
to the titanium, the addition of any amounts less than
0.03 wt. % will result in a failure in attaining the in-
tended efiects, while any amounts exceeding 1.0 wt. %
will make the electric resistance of the alloy greater and
hence, make it impossible to put the alloy to practical
use.
In order to provide the above inert gas atmosphere,
nitrogen gas alone or a mixed gas composed of nitrogen
gas and argon gas and/or hydrogen gas is used as an
inert gas. The use of argon gas alone is expensive in
view of cost, while the use of hydrogen gas alone in-
volves a risk of explosion.

It 1s also possible to enhance the reaction efficiency
by adding carbon monoxide gas, ammonia gas and/or
the like to the inert gas.

With a view toward cleaning the surface of the pow-
der oxidized, enhancing the nitriding efficiencies of the
chromium andg titanium and using for the carbonization
of the chromium and titanium, a carbonaceous material
1s added in such a proportion that the carbon residue is
at most 0.1 wt. %. Any carbon residues exceeding 0.1
wt. % will inhibit the densification of a resulting sin-
tered body. Also, from the viewpoint of accomplishing
1ts intimate dispersion, it is necessary to add the carbo-
naceous material in the above range.

Experimental Example G1

A powder mix as raw materials was provided by
weighing, as a main component making up a base metal,
electrolytic copper powder having an average particle
size of 44 um, and as additive components, chromium
powder having an average particle size of 1.6 um, alu-
minum powder having an average particle size of 0.8
pm, titamium powder having an average particle size of
1.8 pm and carbon black in such a way that they were
respectively in proportions of 98.0 wt. 9%, 1.4 wt. %, 0.4
wt. %, 0.2 wt. % and 0.05 wt. %, all, based on the
whole weight of the powder mix.

Ethanol was added to the powder mix and the mix-
ture was wet-mixed 1n a ball mill to disperse and diffuse
the chromium powder into the electrolytic copper pow-
der.

The content of the ethanol was then adjusted to about
12-13% and the thus-adjusted powder mix was then
molded under a pressure of 150 MPa by uniaxial press-
ing 1nto a preform in the form of 22 X22 X 75 mm.

The resulting preform was dried for 6 hours at 80° C.
and then heated to 110° C. to dry it for 4 hours in the
atmosphere.

The thus-dried preform was then heated up to 350° C.
at a rate of 10° C./min in a nitrogen atmosphere at a
flow rate of 2 1/min and held for 1 hour at the same
temperature, and then heated up to 485° C. at a rate of
10° C./min and held for 1 hour at the same temperature.
Oxygen adsorbed in the preform was eliminated in the
course of up to this process.

After the preform was heated further to 900° C. at a 60

rate of 10° C./min and held for 30 minutes at the same
temperature 1n a furnace, nitrogen gas was filled in the
furnace to a pressure of 5 bars to uniformly stabilize a
protective ceramic film formed. The thus-treated pre-
form was then heated up to 980° C. at a rate of 10°
C./min and held for 30 minutes at the same temperature
and further heated up to 1,030° C. at a rate of 5° C./min
and held for 30 minutes at the same temperature, and
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still further heated up to 1,050° C. at a rate of 5° C./min
and held for 30 minutes at the same temperature.

Then, the thus-obtained sintered body was immedi-
ately cooled to 1,000° C. and held for 4 hours to form a
solution of the chromium, followed by its quenching by
oil cooling.

After the quenching, the sintered body was subjected
to an aging treatment for 2 hours at 500° C. with a view
toward depositing and forming fine particles of chro-
mium and applying residual stress.

‘The thus-obtained molded ceramic article was used
as specimens to conduct the following various tests.

First of all, 2 weldability test will be described.

Using two weld metals which were put on each other
and composed of steel plates plated with each 45 g/m?
of zinc on both sides and having a thickness of 0.8 mm,
both continuous spot welding ability and fusion bonding
behavior to the weld metals were tested under welding
conditions of an applied pressure of 200 kg f/cm? a
welding direct current of 10,000 A and a weld time of
10 seconds.

Besides, using two weld metals which were put on
each other, made of an aluminum material prescribed in
JIS A 5052P and had a thickness of 2.5 mm, both contin-
uous spot welding ability and fusion bonding behavior
to the weld metals were tested under welding condi-
tions of an applied pressure of 700 kg f/cm? and a weld-
ing current of 3,500 A. |

For the sake of comparison, aluminum oxide dis-
persed copper containing 0.8 wt. % of aluminum oxide
was used.

Their results are shown in FIGS. 16z and 165. As
apparent from these drawings, the numbers of times of
the possible continuous spot welding to the galvanized
steel plate shown in FIG. 162 and the aluminum alloy
shown in FIG. 165 were improved by 200% and 330%,
respectively, over the comparative example. On the
other hand, the fusion bonding behavior (the number of
times of fusion bonding) was reduced to 0 in each case.
Therefore, it is apparent that the durability of the speci-
men according to this experimental example was signifi-
cantly improved.

The density of the specimen of the comparative ex-
ample was 8.76 as measured in accordance with the
Archimedean method, while the density of the speci-
men according to this experimental example was in-
creased to 8.91.

Their hardness was measured by the Rockwell B
scale. The hardness, HRB of the specimen of the com-
parative example was 74, while the hardness, HRB of
the specimen according to this experimental example
was 62 and 384% of the comparative specimen.

As a result of a chemical analysis, it was found that
the molded ceramic article contained 98.48% of Cu,
1.38% of Cr, 0.03% of C, 0.07% of N and the balance of
O and hence, it was confirmed that oxygen and nitro-
gen were contained. Incidentally, it is considered that
the carbon added was vaporized as carbon monoxide
and carbon dioxide. |

By the observation of the structure and analysis of the
deposited layer and deposits, it was confirmed that
carbon and nmitrogen are not present in the crystal grains
of copper. It is therefore judged that carbon and nitro-
gen were reacted with chromium and titanium. It was
also 1dentified that the carbide and nitride of the chro-
mium and titanium are CryCj3; and CrN», and TiN, TiC
and Ti(C, N), respectively, including an amorphous
layer in part.
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Experimental Example G2

The same powdery raw materials as those used in
Experimental Example G1 were used. Ethanol as a
liquid medium was added to first through 35th powder
mixes of their corresponding composition ratios dia-
grammatically shown in FIG. 17. Each of the resulting
mixtures was wet-mixed in a ball mill to disperse and
mix the chromium powder into the electrolytic copper
powder.

Incidentally, with respect to the carbonaceous mate-
rials to be added, ethyl cellosolve was used each in an
amount of 10 wt. % based on the whole weight of the
mixture in the 7th, 13th, 19th, 20th and 27th cases and in
the other cases, carbon black having an average particle
size of 50 A was used in their corresponding amounts
shown mm FIG. 17.

After the mixtures as the raw materials were dried,
their moisture contents were adjusted to 11-13 wt. % at
70° C.

Each of the mixtures was cooled to room tempera-
ture and then molded in the same manner as in Experi-
mental Example G1, thereby obtaining a preform in the
form of 20 X20X70 mm. The resulting preform was
dried for 24 hours at 80° C. and for 24 hours at 110° C.

The pressure within a furnace was then reduced to
about 0.1-0.3 Torr by a vacuum pump in a nitrogen
atmosphere at a flow rate of 10 1/min.

Simtering was then preformed under preset conditions
shown in FIG. 17. Incidentally, the pressures shown in
FIG. 17 are controlled pressures, and the changes in gas

pressure, which are caused by the thermal expansion of

the gas introduced in the furnace, are automatically
controlled. |

After the sintering was conducted for 60 minutes, the
respective sintered bodies thus obtained were subjected
to a solution treatment and an aging treatment in accor-
dance with the respective processes in Experimental
Example G1.

The first through 35th molded ceramic articles ob-
tamned 1n accordance with the above-described process
were separately used as specimens to conduct the same

tests as in Experimental Example G1. Their results are
shown in FIG. 18.
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As apparent from FIGS. 17 and 18, the numbers of 45

times of the possible continuous spot welding were 900
spots and the percent fusion bonding was 14.3% with
respect to the specimen made of the aluminum oxide
dispersed copper containing 0.8 wt. % of aluminum
oxide and used as the comparative example, while the
specimens of this experimental example according to
this invention were improved to about 2 times in the
number of times of the possible continuous spot welding
and mostly reduced to O in the fusion bonding behavior.
Therefore, it can be judged that the molded ceramic
articles according to this invention predominate in use
as electrode materials.

It 1s also understood that it is preferable to use ethyl
cellosolve, 1.e., a liquid material as the carbonaceous
material. -

Experimental Example G3

The same powdery raw materials as those used in
Experimental Examples G1 and G2 were used, and
molded ceramic articles, to which the chromium, alumi-
num and titanium powders were added in combination
in proportions of 0.8 wt. %, 0.3 wt. % and 0.1 wt. %, 1.5
wt. %, 0.5 wt. % and 0.3 wt. %, and 2.8 wt. %, 0.5 wt.
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% and 0.3 wt. %, were separately obtained in accor-
dance with their corresponding composition ranges of
the chromium, aluminum, titanium and carbonaceous
material and their corresponding compositions of an
mert gas and additive gases by which respective inert
gas atmospheres were formed, said composition ranges
and compositions being shown in FIG. 19z, in the same
manner as in Experimental Examples G1 and G2 except
that only the sintering time was reduced to 30 minutes.
Incidentally, with respect to the carbonaceous materials
to be added, ethyl cellosolve was used in the 13th
through 15th cases and in the other cases, carbon black
was used.

The molded ceramic articles thus obtained were sepa-
rately used as specimens to conduct the same tests as in
Experimental Examples G1 and G2. Their results are
shown in FIG. 195.

When the test results of this experimental example
shown in FIG. 19b are compared with those of Experi-
mental Example G2 shown in FIG. 18, it is found that
the specimens of the present experimental example are
more stable in basic physical properties such as density
and hardness and more improved in both fusion bond-
ing behavior and number of times of the possible contin-
uous spot welding. Accordingly, it is judged that the
surface of the raw powder was cleaned by adding NH3,
CO and/or Hj to the inert gas.

Besides, with respect to the sintering time, Experi-
mental Example G2 took 60 minutes in every case to
sinter the preforms. Although the sintering time was
shortened to 30 minutes in every case of the present
experimental example on the contrary, the desired ef-
fects could be attained.

Therefore, 1t is judged that both nitriding and carbon-
izing efficiencies were enhanced, thereby facilitating
the sintering.

The molded ceramic articles and production method
thereof according to the present invention will hereinaf-
ter be described in detail by the following preferred
eighth embodiment.

The Cu-Cr alloy obtained in the course of the pro-
duction process of the molded ceramic articles accord-
ing to the present invention undergoes fusion bonding
upon welding of galvanized weld metals and aluminum
alloys.

Therefore, in this embodiment, in order to avoid the
phenomenon leading to the fusion bonding without
lowering the electrical conductivity of the alloy, fine
chromium, aluminum and titanium powders were
caused to diffuse into electrolytic copper powder and a
ceramic was then formed, whereby the crystal structure
was made dense to prevent the penetration of the differ-
ent metal components. Incidentally, purified and unoxi-
dized powders were used upon the ceramic formation.

Further, prior to the ceramic formation, the mixed
raw powder was plastically deformed by press molding
or the like, thereby causing particles of the powder to
bond to one another. Thereafter, their surfaces were
subjected to a treatment for forming an oxide film of the
order of 0.001-0.01 pum thereon and oxidizing parts of
the aluminum and titapium added.

The reason why such a partial oxide film is formed is
that when the whole surface of the raw powder is cov-
ered with the oxide film, a subsequent sintering is hin-
dered, resulting in a failure in obtaining any dense ce-
ramics. In addition any oxide films thicker than 0.01 um
will hinder the sintering. On the contrary, any oxide
films thinner than 0.001 um will hinder the formation of
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chromium oxides and the growth of the oxide films, so
that successful formation of the ceramics is not accom-
plished and hence, the desired effects cannot be at-
tained. “

The oxide films formed on the surfaces of the constit-
uent particles in a preform accumulate in the grain
boundaries at the final stage of the sintering and at the
same time, facilitate the oxidation of chromium, alumi-
num and titanium in accordance with the following
reactions and hence sintering.

3Cu0O + 2Cr = 3Cu 4+ Cr03

(+ CrOy)
(+ CrO)
3Cu0 + 2Al = 3Cu + ALO;

2Cu0 4 Ti = 2Cu 4 TiO,

By the way, in order to form the oxide films on the
surfaces of the constituent particles in the preform, the
preform was subjected to a heat treatment at 100°-300°
C., preferably, 130°-250° C. in the atmosphere.

After the heat treatment, the preform is sintered in a
nitrogen atmosphere at a flow rate of 10-300 ml/min
with a view toward eliminating oxygen adsorbed prior
to the sintering out of the system and making the oxide
films formed on the surfaces of the particles uniform.
Any flow rates more than 300 ml/min will make the
temperature distribution in a furnace wider, resulting in
a fallure of accomplishing the evenness. On the con-
trary, any flow rates less than 10 ml/min cannot attain
the desired effects.

The sintering is conducted in a temperature range of
950°-1,065° C. for a period of at least 30 minutes but at
most 6 hours.

Any temperatures lower than 950° C. will be difficult
to cause sintering to proceed. On the other hand, any
temperatures higher than 1,065° C. will cause the result-
ing sintered body to soften and deform, and vaporize
the copper component. The vaporized copper is then
solidified to cause the breakdown of the molded ce-
ramic article, so that there is a potential problem that a
worker is shocked.

Experimental Example H1

A powder mix as raw materials was provided by

welghing, as a main component making up a base metal,
electrolytic copper powder having an average particle
size of 44 um, and as additive components, chromium
powder having an average particle size of 0.8 pum, alu-
minum powder having an average particle size of 2.4
pm and titamum powder having an average particle size
of 1.8 pm in such a way that they were respectively in
proportions of 98.6 wt. %, 0.8 wt. %, 0.4 wt. % and 0.2
wt. %, all, based on the whole weight of the powder
mix.
Ethanol was added to the powder mix and the mix-
ture was wet-mixed in a ball mill to disperse and mix the
chromium, aluminum and titanium powders into the
electrolytic copper powder.

The content of the ethanol was then adjusted to about
12-13% and the thus-adjusted powder mix was then
molded by uniaxial pressing into a preform in the form
of 22X22X 75 mm. |

The thus-obtained preform was dried for 4 hours at
80° C. and then subjected to a heat treatment for 1 hours
at 110° C. and for 4 hours at 210° C. in the atmosphere,
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thereby forming oxide films of the order of 0.001-0.01
pm on the surfaces of the particles making up the pre-
form. -

The thus-treated preform was heated to 650° C. at a
rate of 10° C./min in a nitrogen atmosphere at a flow
rate of 40 ml/min and held for 30 minutes at 650° C.
After the flow rate of nitrogen was then reduced to 15
ml/min, the preform was heated up to 1,030° C. at a rate
of 10° C./min and held for 1 hour at the same tempera-
ture and further heated up to 1,055° C. at a rate of 3°
C./min and held for 15 minutes at the same temperature,
thereby sintering the preform.

After the sintering, the resulting sintered body was
cooled in a sintering furnace and subjected to a solution
treatment for 2 hours at 1,000° C. in an argon atmo-
sphere and then oil-cooled, thereby obtaining a molded
ceramic article.

The molded ceramic article obtained in accordance
with the above-described process was used as speci-
mens to conduct the following various tests.

First of all, a weldability test will be described. Using
two weld metals which were put on each other and
composed of steel plates plated with each 45 g/m2 of
zinc on both sides and having a thickness of 0.8 mm,
both continuous spot welding ability and fusion bonding
behavior to the weld metals were tested under welding
conditions of an applied pressure of 200 kg f/cm?2, a
welding direct current of 10,000 A and a weld time of
10 seconds. Their results are shown in FIG. 20a.

By the way, tips making use of the above-obtained
sintered body were water-cooled upon the tests. For the
sake of comparison, aluminum oxide dispersed copper
was used.

Besides, using two weld metals which were put on
each other, made of an aluminum plate material, 5052
(corresponding to JIS A 5052P, U.S. Standard AA
052, German Standard DIN AiMg 2.5, France Stan-
dard NF A-G 25C, Canada Standard CSA 5052 and
Australia Standard A 5052) and had a thickness of 2.0
mm, both continuous spot welding ability and fusion
bonding behavior to the weld metals were tested under
welding conditions of an applied pressure of 700 kg
f/cm? and a welding direct current of 35,000 A. As
another comparative example, a commercially-available
chromium-copper was used in addition to the Al;O3
dispersed copper.

Their results are shown collectively in FIG. 205.

As apparent from FIG. 20q, the number of times of
the possible continuous spot welding was improved to
1.7 times compared with the specimen made of the
aluminum oxide dispersed copper as the comparative
example and the percent fusion bonding was decreased
from 14.3% for the specimen made of the aluminum
oxide dispersed copper to 0%.

The density of the specimen made of the aluminum
oxide dispersed copper as the comparative example was
8.65 as measured in accordance with the Archimedean
method, while the density of the specimen according to
this experimental example was increased to 8.92.

‘The hardness, Hgp of the specimen of the compara-
tive example making use of the aluminum oxide dis-
persed copper was 72 as measured in accordance with
the Rockwell hardness test making use of a steel ball,
while the hardness, Hgrp of the specimen according to
this experimental example was 63 and 72% of the com-
parative specimen. |
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As a result of a chemical analysis, it was found that
the molded ceramic article contained 98.1% of Cu,
1.5% of Cr, 0.4% of Al, 0.2% of Ti and 0.9% of O; and
hence, it was confirmed that oxygen was contained.

From this result, the following reaction system was
established.

3CuO(Cuz0 1n part) 4 2Cr = Cr03 + 3Cu(6Cu in part)
3Cu0 + 2A1 = 3Cu + ALO;3

2Cu0 + T1 = 2Cu + TiOy

It 1s understood that the transfer of electrons occurred
between the copper particles on which the oxide films
were formed by the heat treatment, and chromium,
aluminum and titanium by the sintering to oxidize chro-
mium, aluminum and titanium, thereby leading to the
improvement of the continuous spot welding ability.

The crystallinity of the specimens was observed by
etching the specimens with a mixed liquid of FeCl3 and
HCl3. As a result, the specimen of the comparative
example was in a fibrous form, while a dense crystal
lattice was observed on the specimen of the experimen-
tal example.

In the observation of the structure making use of an
electron microscope, the deposition of the ceramic
components was observed on the crystal grains of cop-
per. It is understood that such ceramic components

were deposited by oxidation in the course of the ceram-
ic-forming process of chromium. In addition, the bond-

ing of the deposited components to the crystal grains of

copper was observed. It 1s understood that their bond-
ing was a chemical bond accompanied by diffusion.
The microfocus X-ray analysis is used to identify the
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oxides, and Cry0s3, TiO,, Al,O3 and small amounts of 35

CrO; and TiO were specified.

Incidentally, although metal aluminum powder and
metal titanium powder were used respectively as raw
materials for the oxides of aluminum and titanium in this
experimental example, it is also possible to add them in
the form of an oxide from the beginning.

Experimental Example H2

The same powdery raw materials as those used in
Experimental Example H1 were used. Ethanol was
added to first through 35th powder mixes of their corre-
sponding composition ratios diagrammatically shown in
FIG. 21. Each of the resulting mixtures was wet-mixed
for 5 days in a ball mill to disperse and mix the chro-
mium powder into the electrolytic copper powder.

The resulting mixtures were separately molded in the
same manner as in Experimental Example E1, thereby
obtamning respective preforms. The thus-obtained pre-
forms were dried at 80° C. Thereafter, the preforms
were respectively treated in accordance with the first
through 35th process conditions shown in FIG. 10q,
thereby obtaining molded ceramic articles.

The first through 35th sintered bodies thus obtained
were separately used as specimens to conduct the same
tests as in Experimental Example H1. Their results are
shown i FIG. 22. It can be judged collectively from
the test results that when the amounts added are within
the range of from at least 0.4 wt. % to at most 3.0 wt. %,
preferably, from at least 0.8 wt. % to at most 2.4 wt. %
with respect to the chromium, within the range of from
at least 0.05 wt. % to at most 1.2 wt. %, preferably,
from at least 0.1 wt. % to at most 0.8 wt. % with respect
to the aluminum and within the range of from at least
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0.03 wt. % to at most 1.0 wt. %, preferably, from at
least 0.05 wt. % to at most 0.6 wt. % with respect to the
titanium, the resulting molded ceramic article can suit-
ably be put to practical use.

The molded ceramic articles and production method
thereof according to the present invention will hereinaf-
ter be described in detail by the following preferred
ninth embodiment.

In the conventional uniaxial press molding, individual
particles undergo complicated movement, which is
caused by frictional resistance between adjacent parti-
cles and/or differences in size, hardness, etc. of the
particles, or the material and/or difference in surface
roughness, etc. of a mold defining a cavity 44 in a mold-
ing apparatus 40 illustrated in FIG. 26. Accordingly, it
is difficult to apply a uniform pressure to a raw material
45 composed of the particles only so as to obtain a
preform having a throughout uniform density. There-
fore, it has been attempted to increase the density by
applying an excessive pressure to the raw material 45 to
plastically deform the raw material 45 into a state as
illustrated in FIGS. 24 and 25. Even in this case, both
low-density portions and high-density portions remain
in the preform.

When the preform thus obtained is calcined to obtain
a molded ceramic article, a gas 456 remaining between
particles 45 of the raw material 45 is discharged out
through paths formed of interparticle spaces at the low-
density portions in the raw material 45 in the form of
compressed powder, as illustrated in FIG. 24, as the
particles are densified upon sintering. At the high-den-
sity portions in the compressed raw material 45, as illus-
trated in FIG. 25, the remaining gas 456 is however
surrounded by the particles 45a, so that so-called closed
voids are generated, and the remaining gas 455 is sealed
in the closed voids and hence not discharged out in
addition, although the volume of the remaining gas 455
1s decreased until the densifying pressure upon the sin-
tering reaches the equilibrium condition to the internal
pressure of the remaining gas 456 as the preform is
sintered gradually, it is difficult to allow the closed
voids to vanish completely.

In this experimental example on the contrary, when a
mixture 30 with a liquid additive 49 added to the raw
material 45 in the form of powder is subjected to the
uniaxial press molding, the individual particles of the
raw matenial 45 form bridges 64 by crosslinking the
apices and/or edges of the particles to one another in
clearances 422 through 424 between the wall of the
mold, which makes up the cavity 44 in the molding
apparatus 40, and punches. Thereafter, an excess of the
hqud additive 49 i1s eliminated through voids in the
bridges 64, while the raw material 45 is molded into a
preform under a pressure within the pressure range, in
which the raw material 45 can be elastically deformed,
through a hydrostatic applied condition of pressure. As
a result, a preform having a throughout uniform density
can be obtained. Further, the gas remaining between the
particles can be discharged out upon the sintering.

Experimental Example I

In the production method of molded ceramic articles
according to Experimental Example 1, a molding appa-
ratus 49 illustrated in FI1G. 26 is used. First of all, liquid
additive 49 shown in FIG. 23 were respectively added
to their corresponding first through seventh raw materi-
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als 1n the form of powder, which will be shown in FIG.
23, followed by mixing to obtain respective mixtures 60.

The mixtures 60 were then filled in respective cavities
44 of the molding apparatus 40. At this time, clearances
42a through 42d defined between the wall of a mold
making up the cavity 44, and a lower punch 46 and a
upper punch 48 have respective sizes shown in FIG. 23.
The sliding surfaces of the lower punch 46 and the
upper punch 48 to the mold 40 are planished.

Thereafter, there begun to press each of the mixtures
60 by the lower punch 46 and the upper punch 48. In
F1G. 27, the relationship between pressures applied and
densities in the course of the molding of a preform in
this experiment example is indicated by a solid line 66,
and the relationship therebetween in the course of the
molding of a preform in the prior art free of any liquid
additives is indicated by a solid line 68, and moreover
the relationship between discharged amounts of the
excess of the liquid additive and the pressure applied is
indicated by a solid line 70.

In a coarse loading process indicated by A in FIG. 27,
the particles of the raw material 47 composing the mix-
ture 60 are independently dispersed in the liquid addi-
tive 49 as illustrated in (a) of FIG. 28.

A further application of pressure causes to move the
particles 45 and discharge the excess of the liquid com-
ponent, whereby the compression process of the parti-
cles 45a 1s transferred to a transition process B of the
density of such a degree that edges and/or apices of the
particles 45a of the raw material 47 are joined to one
another as illustrated in (b) of FIG. 28. At the transfer to
the transition process B, the pressure applied is gener-
ally 750 kg f/cm?.

In the transition process B, the lower punch 46 and
upper punch 48 are strained by the reaction force from
the mixture 60 at respective contact surfaces 46a, 48a
with the mixture 60 as schematically illustrated in FIG.
29. As a result, the contact surfaces 46a, 48z come to
extend toward the mold 42, whereby the clearances 424
through 424 are made narrower. By the way, with re-
spect to the flowability of the particles 45¢ composing
the mixture 60, a portion of the particles 454, which is
situated in the center, has higher flowability than that of
another portion of the particles 45q, which is situated in
the vicinity of the mold 42, because the frictional resis-
tance between the wall surface of the mold 42 and the
particles 45a is greater than that between adjacent parti-
cles 45a. Accordingly, the most heaviest stress is ap-
plied to edges 60a through 60d of the mixture 60 from
the above-described two main causes. As a result, the
denstfication of the particles 452 is started from the
edges 60z through 60d. As the pressure applied is in-
creased, portions of particles 454, which have been
joined to one another by the densification, are finally
crosslinked between the edges 60z through 604 and the
wall surface of the mold 42 to form bridges 64 (FIG.
31).

The bridges 64 thus formed prevent the particles 45a
composing the mixture 60 from flowing out of the cav-
ity 44. In addition, the hydrostatically applied condition
of pressure is kept by the liquid additive 49 remaining in
a suitable amount, whereby the compression process of
the particles 45¢ is transferred to a dense loading pro-
cess C. Incidentally, a uniform pressure is applied to the
whole mixture 60 in this process.

In the dense loading process C, as indicated by the
solid line 66 in FIG. 27, the densification of the mixture
60 is caused to further proceed under a pressure within
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a pressure range, in which the mixture 60 is elastically
deformed, through a hydrostatically applied condition
of pressure while an excess of the liquid component is
discharged. As a result, the preform molded in accor-
dance with this experimental example becomes homo-
geneous and has a uniform density at every portion.
Besides, since the particles 45q¢ are placed within the
elastic deformation region, the interparticle voids are
also kept in the state of open voids.

In the dense loading process C, if a pressure higher
than 1,500 kg f/cm? is applied, the density of the pre-
form is scarcely increased. At this time, the molding of
the preform can be completed. On the contrary, in the
method according to the prior art, which is free of any
liquid additives and is indicated by the solid line 68, it is
necessary to increase the pressure applied further up to
about 75,000 kg f/cm?, including the subsequent calcin-
Ing process, in order to impart a desired density to a
preform to complete the molding. According to the
method of this experimental example, it is therefore
possible to obtain a preform under a pressure about one
fiftieth to one hundredth of that required in the method
according to the prior art.

The thickness of the preforms obtained by the
method according to the prior art was at most about 10
mm. According to the method of this experimental
example, it is however possible to mold preforms hav-
ing a thickness up to about 120 mm.

Lastly, the preforms obtained by the above-described
method were separately calcined to obtain respective
molded ceramic articles. The preform obtained by the
method according to the prior art is not uniform in the
compression condition of all portions and has closed
voids as illustrated in (d) of FIG. 28. Therefore, such a
preform cannot have sufficient strength. On the other
hand, the compression condition of the preform ob-
tained by the method according to this experimental
example 1s in the state having open voids as illustrated in
(c) of FIG. 28. It is therefore possible to discharge the
gas remaining in the interior of the preform so as to
eliminate any voids after the calcination. Molded ce-
ramic articles having a high density can hence be ob-
tained. |

According to the production method of molded ce-
ramic articles of the present invention, as has been de-
scribed above, since the press molding can be con-
ducted in a hydrostatically applied condition of pres-
sure by using a liquid additive, a pressure is applied
uniformly to a powder mix as raw materials, whereby
high-quality molded ceramic articles having a through-
out umform density and little surface roughness can be
provided with ease by applying a small pressure in ac-
cordance with a simple process. In addition, since the
hquid additive has a high detergency, a mold is always
kept clean, whereby bring about an effect to signifi-
cantly prolong the service life of the mold.

Further, according to the production method of
molded ceramic articles of the present invention, it is
possible to improve the wettability with a matrix to
undergo interfacial bonding, thereby making a molded
ceramic article dense by sintering. Accordingly, then
such a molded ceramic article is used as an electrode
material or the like, it is possible to prevent the diffusion
or penetration of metal component(s) in a work into the
electrode or the like and the formation of and alloys or
solid solutions with the metal component and further
the formation of any oxides, and bring about effects to
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reduce the intergranular resistance, intergranular dis-
charge and electrolytic corrosion cf the matrix.

Furthermore, according to the production method of
molded ceramic articles of the present invention, there
are brought about such effects that a molded ceramic
article which 1s excellent in mechanical strength and
electrical conductivity upon its use as an electrode ma-
terial or the like can be provided and its service life as
the electrode material or the like can be prolonged
owing to possible reduction of its fusion bonding behav-
10r to a weld metal, and moreover the electrode mate-
rial and the like can be easily obtained at low cost owing
to the improvement of sintering efficiency.

What 1s claimed is:

1. A method of producing a molded ceramic article,
which comprises:

a first step of mixing powdery raw materials and a
liquud additive, thereby obtaining a mixed raw
material;

a second step of press-molding the mixed raw mate-
rial obtained in the first step in a hydrostatically
applied condition of pressure, thereby removing a
excess of the liquid additive to obtain a preform;
and

a third step of calcining the preform obtained in the
second step to obtain a molded ceramic article.

2. A method as claimed in claim 1, wherein the pow-
dery raw materials comprise Cu as a2 main component
and a mixture of at least two powders selected from the
group consisting of Cr, Ni, Co, Fe, Ti, V, Mn, Mo, Al,
‘Mg and Si and at least one of oxides such as CuQO, Cu,0,
Ag>0 and SnO.

3. A method as claimed in claim 1, wherein the liquid
additive comprises at least one member selected from
the group consisting of alcohols, arenes, ketones, al-
kanes, and water.

4. A method as claimed in claim 1, wherein the sec-
ond step comprises subjecting the mixed raw material
obtained in the first step to uniaxial press molding mak-
ing use of a uniaxial press molding machine, thereby
removing an excess of the liquid additive out of a mold
to obtain a preform.
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S. A method as claimed in claim 4, wherein the uniax-
1al press molding is conducted by pressing a mixture
under a pressure within a pressure range, in which the
mixture 1s elastically deformed, through the hydrostati-
cally applied condition of pressure, thereby molding the
mixture into the preform.

6. A method as claimed in claim 1, wherein the sec-
ond step comprises injecting the mixed raw maternal
obtained in the first step into a mold making use of an
injection molding machine and molding same under a
pressure higher than an injection pressure, thereby dis-
charging an excess of the liquid additive out of a mold
to obtain the preform.

7. A method as claimed in claim 6, wherein the pres-
sure higher than the injection pressure is composed of
an injection pressure, a pressure at which the mixed raw
material 1s held 1n the mold in a hydrostatically applied
condition of pressure and a pressure for eliminating the
excess of the liquid additive out of the mold.

8. A method as claimed in claim 3, wherein the liquid
additive comprises at least one member selected from
the group consisting of methanol, ethanol, 2-propanol,

benzene, toluene, xylene, acetone, hexane, alkanes con-
taining fluorine, and water.

9. A method as claimed in claim 2, wherein the liquid
additive comprises at least one member selected from
the group consisting of methanol, ethanol, 2-propanol,
benzene, toluene, xylene, acetone, hexane, alkanes con-
taining fluorine and water; and wherein the second step
comprises subjecting the mixed raw material obtained in
the first step to uniaxial press molding, thereby remov-
ing an excess of the liquid additive out of a mold to
obtain a preform.

10. A method as claimmed in claim 2, wherein the
liquid additive comprises at least one member selected
from the group consisting of methanol, ethanol, 2-
propanol, benzene, toluene, xylene, acetone, hexane,
alkanes containing fluorine and water; and wherein the
second step comprises injecting the mixed raw material
obtained in the first step into a mold and molding the
same under a pressure higher than an injection pressure,

thereby discharging an excess of the liquid additive out

of said mold to obtain the preform.
x * * % *
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